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NEC Electronics' fabrication, testing and assembly factory in 
Roseville, California, is expanding to become one of the most 
advanced facilities in the United States. The new buildings 
shown in the inset will quadruple the total plant area, allowing 
for approximately 30% of total revenue to be derived from 
products manufactured in the United States. 
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Introduction 


This 1991 edition 
of the MEMORY 
PRODUCTS 
DATA 


BOOK contains the most current information available 
at the time of printing. Please contact your local repre- 
sentative of NEC Electronics Inc. to stay informed of 
upcoming 
releases. Additional 
products 
in develop- 


ment but not yet announced are referred to below. The 
addition of these products to our memory line, already 
the broadest in the industry (and briefly described in 
this section), means that NEC is able to offer an even 
greater selection of device types, configurations, 
and 


packaging 
options 
in each 
of the 
major 
memory 


groups. 


Among our new application-specific 
products are high 


performance 
devices for graphics, 
video/lV, 
image 


processing, data processing, 
and other specialized 


applications. The j.JPD42275,for example, expands our 
leadership line of 1-Mbit video buffers with an 8-bit 
organization 
that 
provides increased bandwidth 
for 


high-end applications 
as well as a low-cost, best-fit 


solution for low-end graphics systems. Our 256K video 
buffer capabi lities have been extended with the CMOS- 
fabricated pPD42264. Densities beyond 1 Mbit will be 
announced 
in 1991. The pPD42272 picture-in-picture 


generator provides an easy design path for simulta- 
neous viewing of multiple screens in television, imag- 
ing, and security systems. The pPD42271 provides the 
same functions, minus the colored border of the inset 
picture. In 1991,you can also expect new field buffer 
and silicon file products and modules based on video 
buffers. 


In building on our position as an industry leader in the 
production 
of latest-generation 
DRAMs, we have fo- 


cused 
our 
attention 
on developing 
products 
with 


higher density, lower power consumption, 
and faster 


access times. Our 1-Mbit CMOS DRAMs are now avail- 
able in 60 ns versions. Write-per-bit 
options are also 


offered. 
NEC's 
recently 
released 
4-Mbit 
CMOS 


DRAMs-the 
pPD424100, 
j.JPD424101, 
pPD424102, 
j.JPD424400,pPD424402, pPD424410, pPD424412, and 
pPD424800-series-reflect 
the 
trend 
toward 
higher 


integration 
and continue 
NEC's advances 
in high- 


volume manufacturing 
of fast DRAMs. These 4-Mbit 


DRAMs will be the key devices produced in our new 
factory 
addition 
in 
Roseville, 
California 
(see 


description elsewhere in this section). TSOP packages 
will also eventually be offered on DRAMs of 1 Mbit or 
greater, and 300-mil SOJ packaging will be available for 
4-Mbit DRAMs by 1991. 


A family of modules based on our 1-and 4-Mbit DRAMs 
is being offered with 8-, 9-, 36- or 40-bit organizations 
and either leaded or socket-mountable mounting op- 
tions. Single Inline Memory Module (SIMM 
TN 
) 
packag- 
ing enhances reliability and reduces the size, weight 
and cost of a system, providing the same high perfor- 
mance at the module level as at the device level. The 
DRAM product family 
will 
be extended 
in 1991 to 


include new SIMM modules, additional 
DRAMs of 8 


data bits or more, and new 16-.Mbit DRAMs with a 
variety of operating features and data bus widths. 


An increasing demand for enlarged program and data 
memory 
in point-of-sale 
systems, 
numerically 
con- 


trolled machining systems, hand-held computers, por- 
table terminals and word processors has led to our 
development of low-power static CMOS RAMs, all of 
which 
feature 
advanced 
circuitry, 
a short-channel 


silicon-gate fabrication process, fast access times, and 
fully 
static 
operation 
(with no clock or refreshing). 


Densities through 1Mbit are now available in this family, 
as is the popular 
new TSOP package. Density will 


increase to 4 Mbits and beyond in our byte-wide SRAMs. 


NEC has continued to develop more efficient, super 
high-speed products for use as cache memory, main 
memory, and control storage memory in workstations, 
file servers, mainframe computers and IC testers, as 
evidenced by our announcement of 17 new fast CMOS 
and SiCMOS SRAMs and bipolar 
ECl RAMs. These 


devices are available in densities through 1 Mbit, with 
data bus widths of up to 20 bits for cache applications. 
Additional products, through 4 Mbits for CMOS and 1 
Mbit for ECl-compatible 
SiCMOS, are in development. 
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Our family 
of EPROMs has also been expanded to 
include higher density products offering greater integ- 
rity, improved programming features, and a consider- 
able savings in both operating and standby power. Our 
fast 1-, 2- and 4-Mbit EPROMs are in production now; 
samples of even high density versions will be available 
in 1991.The pPD27HC65 is our first product offered as 
a low-cost replacement of high-speed bipolar PROMs. 
Our EEPROMs now span the range of densities from 4 
to 256 Kbits; additional devices will be announced later. 
Low-profile TSOP and WSOP packages are offered on 
NEC's EPROMsand EEPROMs. 


Six 
new mask-programmable 
ROMs featuring 
very 
large capacity 
(as high as 16 Mbits) and either 8- or 
16-bit organization have been developed in response to 
the growing demand for storing greater quantities of 
data on one chip, e.g., dictionary and thesaurus data, 
embedded application 
routines and data for portable 


computers and electronic games, and large-size char- 
acter sets/fonts. Future efforts in this area will concen- 
trate on producing denser and faster speed versions 
for these applications. 


Two memory cards based on SRAMtechnology are also 
being offered. Future products will cover additional 
densities 
and additional 
memory 
types-ROM 
and 


EPROM. 


This 1991 MEMORY PRODUCTS 
DATA BOOKis 
for your 
reference. The most complete information 
available at 
the time of printing is included, but several new devices 
or enhancements will be available very soon. Please 
refer to the table below for imminent products which 
will require follow-up action for your consideration 
of 


the latest from NEC. If you need further assistance, 
please contact one of the sales offices listed in the back 
of this book. Our field applications 
engineers or tech- 
nology center personnel will be happy to assist you. 


256K x 4·bit dua~port 
graphics 
buffer 


256K x 4·bit dua~port 
graphics 
buffer 
with flash write option 


256K x 32-bit dual-port 
graphics 
buffer 
SIMM with flash write option 


1M x 9-bit silicon file SIMM 


7568 x 18-bit picture-in-picture 
generator 


Application-Specific 
Devices 


pPD42273 


pPD42274 


MC-42601 EA9S·60L 


pPD42271 


pPD42641 


pPD42644 


Dynamic RAM Modules 


MC-42256AE9 


MC-424256AE36 


MC-424512AE36 


MC-421000A36xD 


MC-424512AA40 


MC-421000AA40 


MC-422000AA40 


Dynamic RAMs 


pPD421000/1/2 


pPD424256/258/266/268 


pPD424100/1/2 


4M x 1-bit silicon file 


1M x 4-bit silicon file 


256K x 9-bit fast-page 
SIMM 


256K x 36-bit fast-page 
SIMM 


512K x 36-bit fast-page 
SIMM 


1M x 36-bit fast-page 
SIMM 


512K x 40-bit fast-page 
SIMM 


1M x 40-bit fast-page 
SIMM 


2M x 40-bit fast-page 
SIMM 


1M x 1-bit; TSOP packaging 


256K x 4 bits; TSOP packaging 


4M x 1-bit DRAM enhancements 


New speed of 80 ns 


New speed of 80 ns 


30 pins, socket·mountable 


Same as pPD42272, except no colored frame on inset 
picture 


New in first half of 1991, with speeds to 80 ns 


New in first half of 1991, with speeds to 80 ns 


Three-piece 
solution, with 
speeds to 70 ns 


One-inch height, with speeds to 70 ns 


One-inch height, with speeds to 70 ns 


One-inch height, with speeds to 70 ns 


Speeds to 60 ns 


Speeds to 70 ns 


Speeds to 70 ns 


New package (GX suffix) 


New package (GX suffix) 


New speeds of 60 and 70 ns; new 300-mil 
SOJ (LA 


suffix); 
new TSOP package (Gx suffix) 


New speeds of 60 and 70 ns; new 300-mil 
SOJ 


package (LA suffix); 
new TSOP package (Gx suffix) 


Description 


512K x 8-bit static-column 
DRAM 


512K x 8-bit fast-page 
DRAM with 
write-per-bit 
option 


512K x 8-bit static-column 
DRAM with 
write-per-bit 
option 


Various 256K x 16-bit DRAMs 


pPD424802 


pPD424810 


pPD42xxxx 


Static RAMs 


pPD4361 


pPD4362 


pPD4363 


pPD4368 


pPD4369 


pPD43251 


pPD43253 


pPD43254 


pPD43258 


pPD43259 


EPROMs 


pPD27C1000A 


64Kx 
1-bit 


16K x 4 bits 


16K x 4 bits, with OE 


8K x 8 bits 


8K x 9 bits 


256K x 1 bit 


64K x 4 bits, with OE 


64K x 4 bits 


32K x 8 bits 


32Kx 
9 bits 


128K x 8 bits, ROM-compatible, 
WSOP packaging 


128K x 8 bits, JEDEC-compatible, 
WSOP packaging 


256K x 8 bits, WSOP packaging 


256K x 16 bits or 512K x 8 bits 


256K x 16 bits 


pPD27C2001 


pPD27C40oo 


pPD27C4096 


EEPROMs 


pPD28C64 


Mask.Programmable 
ROMs 


pPD23C2001 E 


pPD23C4001 EA 


pPD23HC4oo1 
E 


256Kx 
8 bits 


512Kx 
8 bits 


512K x 8 bits 


Comments 


Speeds to 70 ns; SOJ and ZIP packaging 


Speeds to 70 ns; SOJ and ZIP packaging 


New speeds to 12 ns 


New speeds to 12 ns 


New speeds to 12 ns 


New device, with speeds to 15 ns 


New device, with speeds to 15 ns 


New speeds to 15 ns 


New device, with speeds to 15 ns 


New speeds to 15 ns 


New speeds to 20 ns 


New device 


New speed of 120 ns and new package (B suffix) 


New device, with speeds to 150 ns 


New device, with speeds to 120 ns 


New device, with speed of 200 ns 


New speed of 200 ns 


New device, with speed of 100 ns 


II 
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Manufacturing 
in Roseville, California 


NEC Electronics Inc. has been successfully providing 
the American market with high quality semiconductors 
and electronic components since 1979.As a subsidiary 
of Tokyo-based NEC Corporation, 
NEC Electronics is 


the company's 
commitment 
to the growing require- 


ments of the U.S. market for electronic devices. 


A quarter of a century ago, NEC Corporation 
put into 


place a strategy for globalization. Through a carefully 
planned process, the company has moved from placing 
sales offices throughout the world to opening manufac- 
turing plants, design centers, and research and devel- 
opment facilities in key markets. 


NEC's global strategy in the semiconductor industry is 
based on providing customers worldwide with compet- 
itive products. In putting this philosophy in practice, the 
company has recognized the need to "localize" 
the 


development and manufacturing 
functions by getting 


closer to the customer. NEC Electronics' operations in 
the United States can be viewed as an example of how 
the 
company 
has 
implemented 
its 
globalization 


strategy. 


NEC Electronics Inc., headquartered in Mountain View, 
California, 
opened its first manufacturing 
facility 
in 


1984 in Roseville, California. 
As the first Japanese 


company to make a major investment in the United 
States in the production 
of semiconductor 
devices, 


beginning with 64K DRAMs, NEC Electronics quickly 
moved to the production of 256K DRAMSin 1985.Today 
the facility is still producing high quality 256K DRAMsin 
a number of different package types to meet the needs 
of its U.S. customers. Additionally, the Roseville plant 
also 
produces 
microprocessors 
and 
application- 


specific integrated circuits (ASICs). 


The success of the Roseville facility can be attributed 
to its excellent 
process technology 
and to the out- 


standing 
performance 
of its employees, who place 


their primary emphasis on manufacturing 
high quality, 


reliable products on time. The plant operates with a 
"zero defects" policy and its employees take pride in 
reaching this goal. 


NEC Electronics' 
Roseville, 
California, 
manufacturing 
facility 
prior 
to 
expansion. 
This 200,OOO-square-foot 
facility 
currently 
fabricates 
256K 


DRAMs, 
256K dual-port 
graphics 
buffers, 
microprocessors 
and 
application-specific 
integrated 
circuits 
(A SICs). 


NEe 


The plant currently employs more than .1°0 employe.es 
in fabrication, 
test, assembly, engineenng and admin- 


istrative functions in its 200,000-square-foot facility. In 
addition to providing customers with a "local" source, 
our staff in Roseville, as well as in corporate headquar- 
ters in Mountain View, the Technology Center in Natick, 
Massachusetts, and the field offices throughout 
the 


United States are always available to answer customer 
questions. 


It is NEC's commitment to provide leading edge tech- 
nology 
on a local basis. As a result, the comp~ny 


announced its decision in 1989to expand the Roseville 
manufacturing facility. In Spring 1991,NEC Electronics 
will open the doors to one of the most advanced 
fabrication facilities in the United States. This 465,000- 
square-foot addition will be capable of pro~ucing the 
most technologically 
advanced products available any- 


where in the world. Although the plant initially 
will 


produce 4 Meg DRAMs, it is being designed to quickly 
move to 16 Meg and higher as customer requirements 


demand. The facility will also be capable of manufac- 
turing other advanced products as well. 


The new addition will increase square footage of the 
Roseville plant by more than four times, enabling NEC 
Electronics to offer a higher volume of prOduct, manu- 
factured locally for U.S. customers, as well as a broad 
range of devices-from 
memories to custom micropro- 


cessors and ASICs. The $500 million investment to 
expand manufacturing 
in Roseville represents NEC's 


ongoing commitment to the needs of the U.S. market. 


Approximately 
30% of NEC Electronics' sales revenue 


comes from chips produced in the United States (com- 
pared to the 5% produced 
here by other Japanese 


chipmakers). This percentage is expected to inc~ease 
as NEC's expanded facilities will have the capacity to 
produce 3 to 5 million chips per month. The exp~nsi~n 
will also directly result in the creation of 600 new JObsIn 
the United States, with a total annual payroll in excess 
of $18 million. 


Construction of the expansion at NEC Electronics' manufacturing 
facility in Roseville, California. Due to be completed in Spring 1991, 


this state-of-the-art plant will add the capability to produce the 4 Meg 
DRAM as well as advanced SRAMs, microprocessors and ASIC 
devides. In addition, the plant has been designed to be easily 
upgraded to produce the 16 Meg DRAM. 


II 


General 
Information 
NEe 


Product Line Overview 


Bit 
Application 
RAM 


Density 
Specific 
Module 
Dynamic 
MOS Slatic 
Eel 
EPROM 
EEPROM 
ROM 


1K 
/lPB10422 
/lPB100422 


4K 
/lPB10470 
/lPD28C04 


/lPB10474 
/lPD28C05 


/lPB10474A 
/lPB10474E 
/lPB100470 
/lPB100474 
/lPB100474A 
/lPB100474E 


8K 
/lPD42101 
/lPD42102 


16K 
/lPD43501 
/lPB10480 
/lPB10484 
/lPB10484A 
/lPB10A484 
/lPB100480 
/lPB100484 
/lPB100484A 
/lPB100A484 


40K 
/lPD42505 


64K 
/lPD43608 
/lPD4361 
/lPD27HC65 
/lPD28C64 


/lPD4362 
/lPD4363 


133K 
/lPD42272 


256K 
/lPD41264 
/lPD41256 
/lPD43251 
/lPD10500 
/lPD28C256 
/lPD42264 
/lPD41464 
/lPD43254 
/lPD10504 


/lPD42532 
/lPD43256A 
/lPD100500 
/lPD43256B 
/lPD100504 
/lPD43258 
/lPD46251 


320K 
/lPD46710 
/lPD46741 


1M 
/lPD42270 
MC-174 
/lF0421000 
/lPD431000 
/lPD27C1000A 
/lPD23C1000A 
/lPD42273 
/lPD421001 
/lPD431000A 
/lPD27C1001A 
/lPD23C1000EA 
/lPD42274 
/lPD421002 
/lPD431001 
/lPD27C1024A 
/lPD23C1001 
E 
/lPD42275 
/lPD424256 
/lPD431004 
/lPD23C1010A 
/lPD42601 
/lPD424258 
/lPD23C1024E 


/lPD424266 
/lPD424268 


2M 
MC-41256A8 
/lPD27C2001 
/lPD23C2000 


MC-41256A9 
/lPD23C2000A 


MC-157 
/lPD23C2001 


4M 
MC-176 
/lPD424100 
/lPD27C4001 
/lPD23C4000 


/lPD424101 
/lPD23C4000A 


/lPD424102 
/lPD23C4001 
E 


/lPD424400 
/lPD424402 
/lPD424410 
/lPD424412 
/lPD424800 
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Bit 
Application 
Density 
Specific 


8M 


Module 


MC-421000A8 
MC-421000A9 
MC-424256A36 


MC-424512A36 


MC-424100A8 
MC-424100A9 
MC-421000A36 


MC-422000A36 


RAM 


Dynamic 
MOS Static 
ROM 


pPD23C8000 
pPD23C8001 E •• 


ttlEC 


Device Type 


B = Digital bipolar 
D = Digital MOS 


Date Code 


Week 


Product Class 


10 = 10KECLRAM 
100 = 100K ECL RAM 
23(H)C = CMOS ROM 
27(H)C = 
CMOS EPROM 
28C = 
CMOS EEPROM 
41 = NMOS dynamic RAM 
42 = CMOS dynamic RAM 
43 = CMOS static RAM 
44 = CMOS static RAM (6-T cell) 
46 = BiCMOS static RAM 


Low Power Indicator 


[Optional] 


L 
Low power 


LL = Very low power 


Speed Selection 


-10 
100nsor10ns 
-12 
120 ns or 12 ns 


-15 
150nsor15ns 
-70 
70 ns 


-80 
80 ns 


-85 
85 ns 


-XX 
Etc. 


B or BH 
= Ceramic flatpack, with a quartz window if appropriate 


C, CR or CZ = Plastic DIP 
D, DH, DX or DZ = Cerdip or ceramic DIP, with a quartz window if appropriate 


G ($ 40 pins), GU or GW 
= Plastic miniflat 
G (> 40 pins) or GF 
= Plastic OFP 
GX or GZ 
= Plastic TSOP 
K = Ceramic LCC 
L 
= PLCC 
LA, LB or LE 
= Plastic SOJ 
R 
= Ceramic PGA 
V 
= Plastic ZIP 


Notes: 
(1) 
The marking format may vary among package types. 


(2) 
Regardless of the format, the device number does not change. 
(3) 
The "IlP" in NEC part numbers does not appear on the package. 


(4) 
DIP = dual-inline package 


(5) 
LCC = leadless chip carrier 


(6) 
PLCC = plastic leaded chip carrier 
(7) 
PGA = pin grid array 


(8) 
SOJ = small-outline J-Iead package 


(9) 
ZIP = zig-zag inline package 


(10) TSOP = thin small-outline package 
(11) OFP = quad flatpack 
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Organization 


64K x 4 with two ports 


JiPD42101-3 
JiPD42101-2 
JiPD42101 -1 


JiPD42102-5 
JiPD42102-3 
JiPD42102-2 
JiPD42102-1 


JiPD42505-50 
JiPD42505-50H 
JiPD42505-75 
JiPD42505-75H 


JiPD42270 


JiPD42272 


JiPD42532-10 


JiPD42601 -60 


JiPD42601 -60L 


JiPD43501 


JiPD43608-3 


910 x 263 x 4 


7568 x 18 


32Kx 
8 


1Mx 
1 


2x1Kx8 


512 x 32 x 4 or 


1Kx16x4 


Access 
Time (ns) 


120 Port A 
40 Port B 
150 PortA 
60 Port B 


100 PortA 
25 Port B 


100 Port A 
30 Port B 
120 Port A 
40 Port B 


100 PortA 
30 Port B 
120 Port A 
40 Port B 


80 PortA 
25 Port B 
100 PortA 
30 Port B 
120 Port A 
40 Port B 


27 
27 
49 


18 
21 
21 
40 


40 
40 
55 
55 


40 


6 MHz (input sampling) 


50 


600 (Single) 
100 (Page) 


Package 
(Note 1) 


e/V 
II 


e 


GF 
e 


C/LA/V 


28 


64 


40 
e = 18 
LA = 26/20 
V = 20 


132 


132 


Notes: 


(1) C = plastic DIP; G = plastic 
miniflat; 
GF = plastic QFP; 
LA or LE = plastic SOJ; R = ceramic 
PGA; V = plastic ZIP. 


Organization 


128K x 8 (static RAM) 


512K x 8 (static RAM) 


Access 
Time (ns) 


250 


250 


MC-174 


MC-176 


Organization 


256K x 8 (fast-page) 


256K x 8 (page) 


MC-157-10 


MC-41256A8-80 
MC-41256A8-10 


MC-421000A8-60 
MC-421000A8-70 
MC-421000A8-80 
MC-421000A8-10 


MC-424100A8-70 
MC-424100A8-80 
MC-424100A8-10 


MC-41256A9-80 
MC-41256A9-10 


MC-421000A9-60 
MC-421000A9-70 
MC-421000A9-80 
MC-421000A9-10 


MC-424100A9-70 
MC-424100A9-80 
MC-424100A9-10 


MC-424256A36-80 
MC-424256A36-85 
MC-424256A36-10 


MC-424256A36BH/FH-70 
MC-424256A36BH/FH-80 
MC-424256A36BH/FH-10 


MC-424512A36-80 
MC-424512A36-85 
MC-424512A36-10 


MC-424512A36BH/FH-70 
MC-424512A36BH/FH-80 
MC-424512A36BHlFH-10 


MC-421000A36BH/FH-70 
MC-421000A36BH/FH-80 
MC-421000A36BH/FH-10 


MC-422000A36BH/FH-70 
MC-422000A36BH/FH-80 
MC-422000A36BH/FH-10 


Notes: 


(1) A = leaded SIMM; B = socket-mountable 
SIMM; BH = special- 
height, 
socket-mountable 
SIMM; 
F = 
socket-mountable 
SIMM 
with 
gold-pla1ed 
contacts; 
FH 
= 
specia~heigh1, 
socket- 
mountable 
SIMM with gold-plated 
contacts. 


Access 
Time (ns) 


100 


80 
100 


60 
70 
80 
100 


70 
80 
100 


80 
100 


60 
70 
80 
100 


70 
80 
100 


80 
85 
100 


70 
80 
100 


80 
85 
100 


70 
80 
100 


70 
80 
100 


70 
80 
100 


Package 


Memory card 


Memory card 


Package 
(Note 1) 


B 


AlB 


Dynamic RAMs 


Device 
Organization 
Access 
Time 
(ns) 
Package 
(Note 
1) 
Pins 


JlPD41256-80 
256K x 1 (page) 
80 
C/l 
C = 16 
JlPD41256-10 
100 
l = 18 •• 


JlPD41464-80 
64K x 4 
80 
C/l/V 
C = 18 
JlPD41464-10 
100 
l = 18 
JlPD41464-12 
120 
V = 20 


JlPD421000-60 
1M x 1 (fast-page) 
60 
C/lA/V 
C = 18 
JlPD421000-70 
70 
lA = 26/20 
JlPD421000-80 
80 
V = 20 
JlPD421000-10 
100 


JlPD421001-60 
1M x 1 (nibble) 
60 
C/lNV 
C = 18 
JlPD421001-70 
70 
lA = 26/20 
JlPD421001-80 
80 
V = 20 
JlPD421001-10 
100 


JlPD421002-60 
1M x 1 (static-column) 
60 
C/lA/V 
C = 18 
JlPD421002-70 
70 
lA = 26/20 
JlPD421002-80 
80 
V = 20 
JlPD421002-10 
100 


JlPD424256-60 
256K x 4 (fast-page) 
60 
C/lA/V 
C = 20 
JlPD424256-70 
70 
lA = 26/20 
JlPD424256-80 
80 
V = 20 
JlPD424256-10 
100 


JlPD424258-60 
256K x 4 (static-column) 
60 
C/lA/V 
C = 20 
JlPD424258-70 
70 
lA = 26/20 


JlPD424258-80 
80 
V = 20 
JlPD424258-10 
100 


JlPD424266-60 
256K x 4 (fast-page, 
write-per-bit) 
60 
C/lA/V 
C = 20 
JlPD424266-70 
70 
lA = 26/20 
JlPD424266-80 
80 
V=' 
20 
JlPD424266-10 
100 


JlPD424268-60 
256K x 4 (static-column, 
write-per-bit) 
60 
C/lA/V 
C = 20 
JlPD424268-70 
70 
lA = 26/20 
JlPD424268-80 
80 
V = 20 
JlPD424268-10 
100 


JlPD424100-70 
4M x 1 (fast-page) 
70 
lB/V (Note 2) 
V = 20 
JlPD424100-80 
80 
lB = 26/20 
JlPD424100-10 
100 


JlPD424101-70 
4M x 1 (nibble) 
70 
lB/V 
(Note 2) 
V = 20 
JlPD424101-80 
80 
lB = 26/20 
JlPD424101-10 
100 


JlPD424102-70 
4M x 1 (static-column) 
70 
lB/V 
(Note 2) 
V = 20 
JlPD424102-80 
80 
lB = 26/20 
JlPD424102-tO 
100 


JlPD424400-70 
1M x 4 (fast-page) 
70 
lB/V 
(Note 2) 
V = 20 
JlPD424400-80 
80 
lB = 26/20 
JlPD424400-10 
100 


JlPD424402-70 
1M x 4 (static-column) 
70 
lB/V (Note 2) 
V = 20 
JlPD424402-80 
80 
lB = 26/20 
JlPD424402-tO 
100 


JlPD424410-70 
1M x 4 (fast-page, 
write-per-bit) 
70 
lB/V (Note 2) 
V = 20 
JlPD424410-80 
80 
lB = 26/20 
JlPD424410-10 
100 


JlPD424412-70 
1M x 4 (static-column, 
write-per-bit) 
70 
lB/V 
(Note 2) 
V = 20 
JlPD424412-80 
60 
lB = 26/20 
JlPD424412-10 
100 


1-11 
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Organization 


512K x 8 (fast-page) 


Access 
Time (ns) 


70 
80 
100 


Package 
(Note 1) 


LEN 
pPD424800-70 
pPD424800-80 
pPD424800-10 


(1) C = plastic 
DIP; L = 
PLCC; LA, LB or LE = plastic SOJ; 


V = 
plastic ZIP. 


(2) A 300-mil 
SOJ 
package 
will 
be available 
in 1990. Ordering 


information 
was not defined 
at the time this 
1991 edition 
was 
released for printing. 


Static RAMs 


Device 
Organization 
Access 
Time (ns) 
Package 
(Note 1) 


pPD46710-15 
16K x 10 x 2 
15 
LN 


pPD46710-20 
20 


pPD46741-15 
8Kx 20 x 2 
15 
LP 


pPD46741-20 
20 


pPD4361-40 
64Kx 
1 
40 
K 
pPD4361-45 
45 
C/K/LA 


pPD4361-55 
55 
C/K/LA 


pPD4361-70 
70 
C 


pPD4362-45 
16K x 4 (CS only) 
45 
C 


pPD4362-55 
55 


pPD4362-70 
70 


pPD4363-45 
16K x 4 (CS, OE) 
45 
C 


pPD4363-55 
55 


pPD4363-70 
70 


pPD43251-35 
256K x 1 
35 
C/LA 


pPD43251-45 
45 


pPD43251-55 
55 


pPD46251-20 
256K x 1 
20 
CR/LA 


pPD46251-25 
25 


pPD43254-35 
64Kx 
4 
35 
C 


pPD43254-45 
45 


pPD43254-55 
55 


pPD43256A-85 
32Kx 
8 
85 
C/GU/GX 


pPD43256A-10 
100 


pPD43256A-12 
120 


pPD43256A-15 
150 


pPD43256B-55 
32K x 8 
55 
C/GU/GX 


pPD43256B-70 
70 


pPD43256B-85 
85 


pPD43258-35 
32Kx 
8 
35 
CR/LA 


pPD43258-45 
45 


pPD431000-85 
128K x 8 
85 
CZ/GW 


pPD431000-10 
100 


pPD431000-12 
120 


pPD431000A-70 
128K x 8 
70 
CZ/GW/GZ 


pPD431000A-85 
85 


pPD431001-25 
1M x 1 
25 
LE 


pPD431001-35 
35 


C = 28 
GU = 28 
GX=32 


C = 28 
GU = 28 
GX=32 


28 


NEe 
General 
Information 


Static RAMs (cent) 


Device 
Organization 
Access Time (ns) 
Package (Note 1) 
Pins 


pPD431004-25 
256K x 4 
25 
LE 
28 
pPD431004-35 
35 
•• 


Notes: 


(1) C, CR or CZ = plastic DIP; GU or GW = plastic miniflat; 
GX or GZ = plastic TSOP; K = ceramic LCC; 
LA or LE = plas1ic SOJ; LN or LP = PLCC. 


Eel RAMs 


Device 
Organization 
Access Time (ns) 
Package (Note 1) 
Pins 


pPB10422-7 
256 x 4 
7 
D 
24 
pPB10422-10 
10 


pPB10470-10 
4Kx 
1 
10 
D 
18 
j1PB10470-15 
15 


pPB10474-8 
1Kx 4 
8 
D 
24 
pPB10474-10 
10 


pPB10474-15 
15 


pPB10474A-5 
1Kx4 
5 
D 
24 
pPB10474A-6 
6 


pPB10474E-3 
1Kx4 
3 
D 
24 
pPB10474E-4 
4 


pPB10480-10 
16Kx 1 
10 
BID 
20 
pPB10480-15 
15 


pPB10484-10 
4Kx4 
10 
BID 
28 
pPB10484-15 
15 


pPB10484A-5 
4K x 4 
5 
BID 
28 
pPB10484A-7 
7 


pPB10A484-5 
4Kx4 
5 
BH/D 
28 
pPB10A484-7 
7 


pPD10500-15 
256K x 1 
15 
D 
24 
pPD10500-20 
20 


pPD10504-15 
64K x 4 
15 
D 
32 


pPB100422-7 
256x4 
7 
B/DH 
24 
pPB100422-10 
10 


pPB100470-10 
4Kx 
1 
10 
D 
18 
pPB100470-15 
15 


pPB100474-4.5 
1Kx4 
4.5 
K 
24 
pPB100474-6 
6 
B/K 


pPB100474-8 
8 
BID 


pPB100474-10 
10 
BID 


pPB100474-15 
15 
BID 


pPB100474A-5 
1K x 4 
5 
BH/D 
24 
j1PB100474A-6 
6 


pPB100474E-3 
1Kx4 
3 
BID 
24 
pPB100474E-4 
4 


j1PB100480-10 
16K x 1 
10 
BID 
20 
pPB100480-15 
15 


pPB100484-10 
4Kx4 
10 
BID 
28 
j1PB100484-15 
15 


Eel RAMs (cont) 


Device 
Organization 
Access 
Time (ns) 
Package 
(Note 1) 


/lPB100484A-5 
4Kx4 
5 
BID 


/lPB100484A-7 
7 


/lPB100A484-5 
4Kx 4 
5 
BID 


/lPB100A484-7 
7 


/lPD100500-15 
256Kx 
1 
15 
D 


/lPD100500-20 
20 


/lPD100504-15 
64Kx 
4 
15 
D 


Notes: 


(1) B or BH = ceramic flatpack; 
D or DH = ceramic DIP and cerdip; 
K = ceramic LCC. 


Organization 


8Kx 8 


Access 
Time (ns) 


25 
35 
45 


120 
150 
200 


120 
150 
200 


120 
150 
200 


150 
170 
200 


150 
170 
200 


Package 
(Note 1) 


DX 
/lPD27HC65-25 
/lPD27HC65-35 
/lPD27HC65-45 


/lPD27C1000A-12 
/lPD27C1000A-15 
/lPD27C1000A-20 


/lPD27C1001A-12 
/lPD27C1001A-15 
/lPD27C1001A-20 


/lPD27C1024A-12 
/lPD27C1024A-15 
/lPD27C1024A-20 


/lPD27C2001-15 
/lPD27C2001-17 
/lPD27C2001-20 


/lPD27C4001-15 
/lPD27C4001-17 
/lPD27C4001-20 


Notes: 


(1) D, DX or DZ = ceramic 
DIP with quartz window. 


NEe 


Organization 


512 x 8 


Access Time (ns) 


200 
250 


200 
250 


200 
250 


200 
250 


pPD28CQ4-20 
pPD28C04-25 


pPD28C05-20 
pPD28C05-25 


pPD28C64-20 
pPD28C64-25 


pPD28C256-20 
pPD28C256-25 


Notes: 


(1) 
Cor 
CZ = plastic 
DIP; G = plastic miniflat. 


Device 
Organization 
Access Time (ns) 


pPD23C1000A 
128Kx 8 (CE) 
200 


pPD23C1000EA 
128K x 8 (CE/OE) 
200 


pPD23C1001 E 
128K x 8 
200 


pPD23C1010A 
128K x 8 (OE) 
200 


pPD23C1024E 
64K x 16 
200 


pPD23C2000 
128K x 16 or 256K x 8 
250 


pPD23C2000A 
128K x 16 or 256K x 8 
200 


pPD23C2001 
256K x 8 
250 


pPD23C4000 
256K x 16 or 512K x 8 
250 


pPD23C4000A 
256K x 16 or 512K x 8 
200 


pPD23C4001 E 
512Kx 8 
250 


pPD23C8000 
512K x 16 or 1M x 8 
250 


pPD23C8001 E 
1Mx 8 
250 


pPD23C16000 
1M x 16 or 2M x 8 
250 


Package (Note 1) 
Pins 


C/G 
28 


C 
32 


C 
32 


C 
28 


C 
40 


C/GC 
40/52 


C 
40 


C 
32 


C/GF 
40/64 


C 
40 


C/GW 
32 


CZ 
42 


CZ 
32 


CZ 
42 


Notes: 


(1) Cor 
CZ = plastic 
DIP; G or GW = plastic miniflat; 
GC or GF = plastic 
QFP. 


General 
Information 
fttfEC 


Alternate 
Source Index 


AMD 
NEC 
FUJITSU 
NEC 
GI 
NEC 


AM27C010 
IJPD27C1001A 
MB61461 
IJPD41264 
27HC641 
IJPD27HC65 
AM27C020 
IJPD27C2001 
MB81256 
IJPD41256 


AM27Cl024 
IJPD27C1024 
MB814100 
IJPD424100 


IJPD27C49 
IJPD27HC65 
MB81C4256 
IJPD424256 
HARRIS 
NEC 
IJPD27549 
IJPD27HC65 
MB814400 
IJPD424400 
MB81464 
IJPD41464 
HM-76641 
IJPD27HC65 
AM2864A 
IJPD28C64 
MB81Cl000 
IJPD421000 
HM-76641A 
IJPD27HC65 
AM9864 
IJPD28C64 
MB81Cl00l 
IJPD421001 


AM99C164 
IJPD4362 
MB81Cl002 
IJPD421002 


AM99C328 
IJPD43:;56A 
MB81 C4251 
IJPD42273 
HITACHI 
NEC 
AM99C641 
IJPD4361 
MB81C4253 
IJPD42274 
HB561003 
MC-41256A9 


MB81C71 
IJPD4361 
HB56A18 
MC-421000A8 


HB56A19 
MC-421000A9 
ATMEL 
NEC 
MB81C74 
IJPD4362 
HB56A42 
MC-424100A8 
MB8184 
IJPD43254 
HB56A49 
MC-424100A9 
AT27C010 
IJPD27C1001A 
MB82BOOl 
IJPD431001 


AT27Cl024 
IJPD27C1024A 
MB82B005 
IJPD431004 
HB56C18 
MC-421000C8 


AT27HC641/2 
IJPD27HC65 
MB82B81 
IJPD46251 
HB56D136 
MC-421000A36BH 


MB84256 
IJPD43256A 
HB56D236 
MC-422000A36BH 
AT28C04 
IJPD28C04 
HB56D25636 
MC-424256A36BH 
AT28C256 
IJPD28C256 
MB831000 
IJPD23C1000A 
HB56D51236 
MC-424512A36BH 
AT28C64 
IJPD28C64 
MB831124 
IJPD23C1000A 
HB58A19- 
MC-421000A9 


MB85225 
MC-41256A8 
HM100422 
IJPB100422 


CATALYST 
NEC 
MB85225 
MC-41256A8 
HM100470 
IJPB100470 


MB85227 
MC-41256A9 
HM100474 
IJPB100474 
CAT27HC010 
IJPD27Cl001A 
MB85227 
MC-41256A9 
HM100S00 
IJPD100500 
CAT27C210 
IJPD27C1024A 
MB85230 
MC·421000A8 
HM100504 
IJPD100504 


CAT28C64A 
MB85231 
MC-421000B8 
HM10422 
IJPB10422 
IJPD28C64 
MB85235 
MC·421000A9 
HM10470 
IJPB10470 
CAT28C256 
IJPD28C256 
MB85327 
MC·421000C9 
HM10474 
IJPB10474 


MBM100422 
IJPB100422 
HM10500 
IJPD10500 


HM10504 
IJPD10504 
CYPRESS 
NEC 
MBM100470 
IJPB100470 
MBM100474 
IJPB100474 
HM50256 
IJPD41256 
CY100E474L 
IJPB100474 
MBM100480 
IJPB100480 
HM50464 
IJPD41464 
CY10E474L 
IJPB10474 
MBM100484 
IJPB100484 
HM511000 
IJPD421000 


CY7C164 
IJPD4362 
MBM100484 
IJPB100484A 
HM511001 
IJPD421001 


CY7C187 
IJPD4361 
MBM100C500 
IJPD100S00 
HM511002 
IJPD421002 


CY7Cl94 
IJPD43254 
MBM10422 
IJPB10422 
HM514100 
IJPD424100 


CY7C198 
IJPD43256A 
MBM10470 
IJPB10470 
HM514101 
IJPD424101 


MBM10474 
IJPB10474 


HM514256 
IJPD424256 
CYC261 
IJPD27HC65 
HM514400 
IJPD424400 
CYC263 
IJPD27HC65 
MBM10484 
IJPB10484A 
HM514410 
IJPD424410 
CYC264 
IJPD27HC65 
MBM10CSOO 
IJPD10S00 


MBM27Cl000 
IJPD27C1000A 
HM534251 
IJPD42273 


HM534253 
IJPD42274 
MBM27Cl00l 
IJPD27C1001A 
HM53461 
IJPD41264 
DENSE·PAC 
NEC 
MBM27Cl024 
IJPD27C1024A 


MBM28C64 
IJPD28C64 
HM6208 
IJPD43254 
DPV27Cl024A 
IJPD27C1024A 
HM62256 
IJPD43256A 
MB7143 
IJPD27HC65 
HM624256 
IJPD431004 
MB7144E 
IJPD27HC65 
HM628128 
IJPD431000 
MB7144H 
IJPD27HC65 
EXEL 
NEC 
HM6287 
IJPD4361 


HM658128 
IJPD431000 
XLS2864A 
IJPD28C64 
XL28C64 
IJPD28C64 


NEe 
General Information 


Alternate 
Source Index (cant) 


HITACHI 
NEC 
MICROCHIP 
NEC 
MOTOROLA 
NEC 


HN27301 
IlPD27C1000A 
28C04A 
IlPD28C04 
MCM10422 
IlPB10422 
HN27C101 
IlPD27C1001A 
28C64A 
IlPD28C64 
MCM10470 
IlPB10470 •• 


HN27C1024 
IlPD27C1024A 
28CP256A 
IlPD28C256 
MCM10474 
IlPB10474 
HN27C256 
IlPD27C256A 
28C256B 
IlPD28C256 
MCM514100 
IlPD424100 
HN58C256 
IlPD28C256 
MCM514400 
IlPD424400 


HN58C65 
IlPD28C64 
MCM6187 
IlPD4361 
HN58064 
IlPD28C64 
MICRON 
NEC 
MCM6188 
pPD4362 
HN58C66 
pPD28C64 
MT4C1004 
pPD424100 


HN62301 
pPD23C1000A 
MT4C4001 
pPD424400 


MT8C8024 
MC-421000A8 
NATIONAL 
NEC 
MT8C9024 
MC-421000A9 
DM100422 
pPB100422 
HYUNDAI 
NEC 
DM100470 
pPB100470 


HY62C64 
pPD28C64 
DM100474 
pPB100474 


MITSUBISHI 
NEC 
DM10422 
pPB10422 


M5M27C101K 
pPD27C1001A 
DM10470 
pPB10470 


ICT 
NEC 
M5M27C201K 
pPD27C200l 
DM10474 
pPB10474 


27CX641 
pPD27HC65 
M5M28C64 
pPD28C64 
NMC27C010 
pPD27C1001A 


NMC27C1024 
pPD27C1024A 
27CX642 
pPD27HC65 
M5M4256 
pPD41256 
NMC98C64 
pPD28C64 


M5M44100 
pPD424100 
93Z665C 
pPD27HC65 


M5M44101 
pPD424101 
93Z667C 
pPD27HC65 
lOT 
NEC 
M5M44102 
pPD424102 


IDT6167 
pPD4311 
M5M4C264 
pPD41264 


IDT71256 
pPD43258A 
M5M442256 
pPD42274 
OKI 
NEC 
M5M442258 
pPD42273 
IDT71258 
pPD43254 
M5M44400 
pPD424400 
MSC2304-KS9 
MC-41258A9 
IDT7187 
pPD4361 


IDT7188 
pPD4362 
M5M44402 
pPD424402 
MSC2304KS8 
MC-41258AS 


IDT7M7864 
pPD28C64 
M5M4464 
pPD41464 
MSC2310Y59/KS9 
MC·421000A9 


IDT78C64A 
pPD28C64 
M5M482128 
pPD42275 
MSC231148/K58 
MC-421000A8 


M5M4C1000 
pPD421000 
MSM27C1000 
pPD27C1000 
M5M4C1001 
pPD421001 
M5M4C1002 
pPD421002 
MSM27C1024 
pPD27C1024 


INMOS 
NEC 
M5M4C258 
pPD424256 
MSM27C256 
pPD27C256A 


IMS1600 
pPD4361 
M5M51001 
pPD431001 
MSM28C64 
pPD28C64 


IMS1620 
pPD4362 
M5M51004 
pPD431004 
MSM41257 
pPD41257 


IMS1630 
pPD4364 
M5M51008 
pPD431000A 
MSM514100 
pPD424100 
IMS1820 
pPD43254 
M5M5256 
pPD43256A 
MSM514252 
pPD42274 
IMS1830 
pPD43256A 
M5M5258 
pPD43254 
MSM514400 
pPD424400 


MH1M08A 
MC-421000AS 
MH1M09 
MC·421000A9 


INTEL 
NEC 
MH2580SJ 
MC-41256A8 
PANASONIC 
NEC 


27C010 
pPD27C1001A 
MH25609J 
MC-41256A9 
MN41C4000 
pPD424100 


27C020 
pPD27C2001 
MH25636A 
MC·424256A36BH 
MN41C4001 
pPD424101 
27C210 
pPD27C1024A 
MH51236H 
MC-424512A36BH 
MN41C4002 
pPD424102 
27C258 
pPD27C256A 
MN41C41000 
pPD424400 
2864A 
pPD28C64 
MN41C41002 
pPD424402 


MTSC1001 
pPD431001 
MOSAIC 
NEC 


MTSC1005 
pPD431004 
MDM14000 
pPD424100 
MDM41000 
pPD424400 
PERFORMANCE 
NEC 


P4C187 
pPD4361 
LATTICE 
NEC 
P4C188 
pPD4362 


SR258K4 
pPD43254 
MOTOROLA 
NEC 


SR258K8 
IlPD43258A 
MCM100422 
pPB100422 


SR64K1 
pPD4361 
MCM100470 
pPB100470 
PHILlPS-SIGNETICS 
NEC 
SR64K4 
pPD4362 
MCM100474 
pPB100474 
27C210 
pPD27C1024A 


1-17 


General 
Information 
NEe 


Alternate Source Index (cont) 


RAYTHEON 
NEC 
SIEMENS 
NEC 
TOSHIBA 
NEC 


39VP864 
/lPD27HC65 
HYB514100 
/lPD424100 
TC524256A 
/lPD42273 


HYB514400 
/lPD424400 
TC524258A 
/lPD42274 


HYM910005 
MC-421000A9 
TC531000 
/lPD23C1000A 
SHARP 
NEC 
HYM940005 
MC-424100A9 
TC55256 
/lPD43256 


LH5749 
/lPD27HC65 
TC55257 
/lPD43256 


TC55257 
/lPD43256A 


TI 
NEC 
TC55257 
/lPD43256B 


TC55416 
/lPD4362 
SIGNETICS 
NEC 
TM024GAD9 
MC-421000A9 
TC55417 
/lPD4363 


27HC641 
/lPD27HC65 
TM024GADB 
MC-421000A8 
TC55464 
/lPD43254 


27HC642 
/lPD27HC65 
TMS27C256 
/lPD27C256A 
TC5561/62 
/lPD4361 


N82HS641 
/lPD27HC65 
TMS27C010 
/lPD27C1001A 
TC5561 
/lPD4361 


N82S641 
/lPD27HC65 
TMS27C210 
/lPD27C1024A 
TC571000 
/lPD27C1000A 


TMS278C49 
/lPD27HC65 
TC571001D 
/lPD27C1001A 


TMS4256 
/lPD41256 
TC571024 
/lPD27C1024A 


SSI 
NEC 
TMS44100 
/lPD424100 
TC58257 
/lPD28C256 


SSI203 
/lPD27HC65 
TMS44400 
/lPD424400 
THM362500 
MC-424256A36BH 


TMS4461 
/lPD41264 
THM365120 
MC-424512A36BH 


TMS4464 
/lPD41464 
THM81000 
MC-421000A8 


TMS44C251 
/lPD42273 
THM81000A 
MC-421000A8 
SAMSUNG 
NEC 
THM91000 
MC-421000A9 
TMS44C251 
/lPD42274 
THM91000 
MC-424256A36BH/FH 
KM28C64 
/lPD28C64 
TMS48C121 
/lPD42275 


KM28C256 
/lPD28C256 
THM91000A 
MC-421000A9 


TMS44C256 
/lPD424256 
TMM41256 
/lPD41256 
KM41C4000 
/lPD424100 
TMS4C1024 
/lPD421000 


KM41C4001 
/lPD424101 
TMS4C1025 
/lPD421001 
TMM41464 
/lPD41464 


KM41C4002 
/lPD424102 
TMS4C1027 
/lPD421002 


KM44C1000 
/lPD424400 
TMS62456 
/lPD431004 


KM611001 
/lPD431001 
TMS62828 
/lPD431000 
WAFERSCALE 
NEC 


KM641001 
/lPD431004 
WS27C010L 
/lPD27C1001A 


WS27C210L 
/lPD27C1024A 


TOSHIBA 
NEC 
WS57C49 
/lPD27HC65 


SEEQ 
NEC 
TC511000 
/lPD421 000 
WS57C49B 
/lPD27HC65 


27C256 
/lPD27C256A 
TC511001 
/lPD421 001 
TC511002 
/lPD421 002 
2804A 
/lPD28C04 
TC514100 
/lPD424100 
XICOR 
NEC 
28C256 
/lPD28C256 
TC514101 
/lPD424101 
28C64 
/lPD28C64 
TC514102 
/lPD424102 
X24C04 
/lPD28C04 


TC514256 
/lPD424256 
X28C256 
/lPD28C256 


TC514400 
/lPD424400 
X28C64 
/lPD28C64 


SGS-THOMPSON 
NEC 
TC514402 
/lPD424402 
TC514410 
/lPD424410 


MK48Z30 
/lPD43256A 
TC518128 
/lPD431000A 


M27C1001 
/lPD27Cl001A 
TC524128A 
/lPD42275 


M27C1024 
/lPD27C1024A 
TC524256 
/lPD42274 


Notes: 


(1) Elec1rical differences 
may exist 
Check the manufacturers' 
data 


sheets for complete 
information. 


(2) The competitive 
data contained 
herein was obtained 
from indus- 


try 
and public 
sources. NEC Electronics 
is not responsible 
for 


changes or deletions to this information. 
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Section 2 
Reliability 
and Quality Control 


Introduction 


Built-In Quality and Reliability 


Technology Description 


Approaches to Total Quality Control 


Implementation of Quality Control 


Reliability Testing 


Life Distribution 


Failure Distribution 
at NEC 


Infant Mortality Failure Screening 


Long-Term Failure Rate 


Accelerated Reliability Testing 


Failure Rate Calculation/Prediction 


Product/Process Changes 


Failure Analysis 


NEC's Goals on Failure Rates 


Summary and Conclusion 


Appendix 1. 
Typical QC Flow 


Appendix 2. 
Typical Reliability Assurance Tests 


Appendix 3. 
New Product/Process Change Tests 


Appendix 4. 
Failure Analysis Flowchart 
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NEe 


Introduction 


As large-scale 
integration 
reaches 
a higher level of den- 


sity, the reliability 
of individual 
devices 
imposes 
a more 


profound impact on system reliability. 
Great emphasis 
has 


thus been placed on assuring 
device 
reliability. 


Conventionally, 
performing 
reliability 
tests 
and attaining 


feedback 
from the field were the only methods 
by which 


reliability 
had been 
monitored 
and measured. 
At these 


higher levels of LSI density, 
however, 
it has become 
in- 


creasingly 
difficult 
to activate 
all of the 
internal 
circuit 


elements 
in a device, 
and moreover, 
to detect the degra- 


dation 
of those 
elements 
by measuring 
characteristics 


across external 
terminals. 
As a result, testing 
alone may 


not provide 
enough 
information 
to ensure 
today's 
de- 


manding 
reliability 
requirements. 
A different 
philosophy 


and methodology 
is needed 
for reliability 
assurance. 


In orderto 
guarantee 
and improve a high level of reliability 


for large-scale 
integrated 
circuits, 
it is essential 
to build 


quality and reliability 
into the product. 
Conventional 
test- 


ing can then be performed 
to confirm that the product dem- 


onstrates 
acceptable 
reliability. 


Built·ln Quality and Reliability 


NEC has introduced 
the concept 
of total quality 
control 


(TOC) 
across 
its entire 
semiconductor 
product 
line for 


implementing 
this 
philosophy. 
Rather 
than 
performing 


only a few simple 
quality 
inspections, 
quality 
control 
is 


distributed 
into each process 
step and then summed 
to 


form a consolidated 
system. TOC involves workers, 
engi- 


neers, quality 
control 
staffs, and 
all levels 
of manage- 


ment in company-wide 
activities (figure 1). Through 
TOC, 


NEC builds quality 
into the product 
and thus can assure 


high reliability. 
Additionally, 
NEC has introduced 
a pre- 


screening 
method 
into the production 
line for eliminating 


potentially 
defective 
units. 
This combination 
of building 


quality 
in and screening 
projected 
early failures 
out has 


resulted 
in superior 
quality 
and excellent 
reliability. 


Technology Description 


Most 
large-scale 
integrated 
circuits 
utilize 
high density 


MOS technology. 
State-of-the-art 
high performance 
has 


been 
achieved 
by improving 
fine-line 
generation 
tech- 


niques. 
By reducing 
physical 
parameters, 
circuit density 


and performance 
increase while active circuit power dissi- 


pation decreases. 
The data presented 
here shows that this 


advanced 
technology, 
combined 
with the practice of TOC, 
yields 
products 
as reliable 
as those from previous 
tech- 


nologies. 


Approaches to Total Quality Control 


TOC activities 
are geared toward 
total satisfaction 
of the 


customer. 
The success 
of these 
activities 
is dependent 


upon the total commitment 
of management 
to enhancing 


employee 
development, 
maintaining 
a customer-first 
atti- 


tude, and fulfilling 
community 
responsibilities. 


First, the quality 
control 
function 
is embedded 
into each 


process. 
This method enables 
early detection 
of possible 


causes 
of failure 
and immediate 
feedback. 


Second, the reliability and quality assurance 
policy reflects 


the beliefs 
and practices 
of the entire organization. 
This 


enables 
companywide 
quality 
control 
activities: 
at NEC, 


everyone 
is involved with the concept and methodology 
of 


total quality control. 


Third, there is anongoing 
research and development 
effort 


to set even higher standards of device quality and reliability. 


Fourth, extensive failure analysis is performed 
periodically 


and appropriate 
corrective 
actions are taken as preventa- 


tive measures. 
Process control is based on statistical 
data 


gathered 
from this analysis. 


The 
new 
standard 
is continuously 
upgraded, 
and 
the 


iterative 
process 
continues. 
The goal is to maintain 
the 


superior 
product 
quality 
and reliability 
that has become 


synonymous 
with the NEC name. 


Zero Defect Activities. 
One of the activities that involves 


every level of the NEC staff in quality 
control 
is the Zero 


Defects (ZD) Program. 
As the name implies, the purpose 


of the ZD program 
is to minimize 
if not eradicate 
defects 


due to controllable 
causes. 
Such activities 
must involve 


each and every worker 
and can be most effective 
when 


pursued 
by groups of workers. 
The groups of workers 
are 


organized 
by consideration 
of the following: 


• 
A group must have a target to pursue 


• 
Several 
groups can be organized 
to pursue the com- 


mon target 


• 
Each group must have a responsible 
person 


The item of the group target is to be selected 
among items 


relating to specifications, 
inspections, 
operation standards, 


and so forth. When data made in the past is available, 
it is 


used to make 
a Pareto 
diagram 
which 
is reviewed 
for 


selection ofthe item most conducive to quality improvement. 
Records 
are analyzed 
and compared 
with the target, 
in 


order to compute the numerical 
equivalents 
of the defects. 


Action is then taken to control these defects 
as required. 


In-Process 
Quality 
Monitoring; 


In·Process 
Inspection; 


Environment 
and EqUipment 


Control/Calibration; 


Lot Control; 
Corrective 


Actions; 
Data Analysis/ 


Feedback; 
Etc. 


Statistical 
Approach. 
Another approach to quality control 
is the use of statistical 
analysis. 
NEC has been utilizing 
statistical 
analysis 
at each stage of LSI production 
devel- 
opment, 
trial runs, and mass production 
in order to build 
and maintain 
product 
quality. 
Some 
of the methods 
for 
implementing 
this statistical 
approach 
are: 


• 
Design of experiments 


• 
Control 
charts 


• 
Data analysis: 
Variance, 
correlation, 
regression, 


multivariance, 
etc. 


• 
Cp, Cpk study: 
Variables 
and attributes 
data 


(Normally, 
study is done on a 
monthly 
basis) 


Process 
control 
sheets 
and other 
QC tools 
are used to 
l+lOAitor various important 
parameters 
such as Cp, Cpk, X, 
X, X-R, electrical 
parameters, 
pattern 
dimensions, 
bond 
strength, 
test percentage 
defects, 
etc. 


The results of these studies are watched 
by the production 
staff, QC Engineers, 
and other responsible 
engineers. 
If 
any out-of-control 
or out-of-specification 
limit is observed, 
quick action is taken in accordance 
with corrective 
action 
procedures. 


Implementation 
of Quality 
Control 


Building quality into a product 
requires 
early detection 
of 
possible 
causes 
of failure 
at each 
process 
step, 
then 
immediate 
feedback 
to remove 
these 
causes. 
A fixed 
station 
quality 
inspection 
is often 
lacking 
in immediate 
feedback; 
it is therefore 
necessary 
to distribute 
quality 
control 
functions 
to 
each 
process 
step---including 
the 
conceptual 
stage. Following 
is a breakdown 
of the signifi- 
cant steps 
at which 
NEC has implemented 
these 
func- 
tions: 


• 
Product 
development 


• 
Incoming 
material 
inspection 


• 
Wafer processing 


• 
Chip mounting 
and packaging 


• 
Electrical 
testing 
and thermal 
aging 


• 
Outgoing 
material 
inspection 


• 
Reliability 
testing 


• 
Process/product 
changes 


New Product 
Development 
Phase. The product 
devel- 
opment phase includes conception 
of a product, 
review of 
the device proposal, 
physical 
element design and organi- 
zation, engineering 
evaluation, 
and finally, transfer 
of the 
product to manufacturing. 
Quality and reliability 
are con- 
sidered 
at every step (figure 2). 
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Design. 
Design 
plays 
an extremely 
important 
role 
in 


determining 
product 
quality 
and reliability. 
NEC believes 


that the foundation 
of device 
quality is determined 
at the 


design stage. The four steps involved 
in the design of LSI 


devices 
are circuit design, 
mask pattern 
layout, process 


and product 
manufacturing, 
and package 
design. 
Design 


standards 
and the standardization 
of design 
steps have 


been established 
to maximize 
quality 
and reliability. 


Design 
Review. 
After completion 
of the design, 
a review 


in which 
the design 
is compared 
with design 
standards 


and other factors which influence 
reliability 
and quality is 


performed. 
If necessary, 
modification 
or redesign 
is then 


performed. 
NEC believes 
that the design 
review is very 


essential for not only newly designed 
products but also for 


product 
modifications. 


Trial 
Production/Evaluation/Mass 
Production. 
When 


the design 
passes the design 
review successfully, 
a trial 


run is carried out. The trial run is evaluated forthe 
products' 


characteristics 
and quality/reliability. 


Thorough 
evaluation 
is carried out by generating 
samples 


in which process conditions-ones 
that cause character- 


istic factors 
to change 
in mass 
production-are 
varied 


deliberately. 
In addition, 
reliability tests are conducted 
for 


durability, 
stress resistance, 
etc., to ensure sufficient qual- 


ity and reliability. 


If no problems 
are found 
at this 
stage, 
the product 
is 


approved, 
after which 
mass production 
is possible. 


Prior to the transfer, 
the production 
design 
department 


prepares a production 
schedule that includes the reliability 


and quality control 
steps relating to the production. 
Even 


after mass production 
has started, the standards 
for those 


production 
and control 
steps are always 
reexamined 
for 


improvements. 


Incoming 
Material 
Inspection. 
NEC 
has various 
pro- 
grams to control 
incoming 
materials: 


• 
Vendor/material 
qualification 
system 


• 
Purchasing 
specifications 
for materials 


• 
Incoming 
materials 
inspection 


• 
Inspection 
data feedback 


• 
Quality 
meetings 
with vendor 


• 
Vendor 
audits 


If any parts or materials 
are rejected at incoming 
inspec- 
tion, 
they 
are 
returned 
to the 
vendor 
with 
a rejection 


notification 
form 
which 
specifies 
the failure 
items 
and 


modes. The results of these inspections 
are used to rate 


the vendors 
for future purchasing. 


In-process 
Quality 
Inspections. 
Typical 
in-process 


quality 
inspections 
done 
at the wafer 
fabrication, 
chip 


mounting 
and packaging, 
and device 
testing 
stages 
are 


listed in Appendix 
1. 


Electrical 
Testing 
and 
Screening. 
A flowchart 
of the 


typical 
infant 
mortality 
screening 
(when 
required) 
and 


electrical 
testing 
is depicted 
in figure 3. 


At the first electrical 
test, DC parameters 
are tested 
ac- 


cordingto 
the electrical 
specifications 
on 100% of each lot. 


This is a prescreening 
prior to any infant mortality test. At 


the second electrical test, AC functional 
tests as well as DC 


parameter 
tests are performed 
on 100% of each lot. If the 


percentage 
of defective 
units exceeds 
the limit, the lot is 


subjected to rescreen. 
During this time, the defective 
units 


undergo failure analysis, the results of which are fed back 
into the process 
through 
corrective 
actions. 


Figure 3. Electrical 
Testing and Screening 


DC Parameters 
(FUll ACIDC Testing 
II No 100% Burn-In) 


ElectrIcal, 
Appearance, 
and 
Dimensions 
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Outgoing 
Inspection. 
Prior to warehouse 
storage, 
lots 


are subjected 
to an outgoing 
inspection 
according 
to the 


following 
sampling 
plan. 


DC parameters 
LTPD 
3% 
Functional 
test LTPD 
3% 


• 
Appearance: 
Major LTPD 
3% 
Minor LTPD 
7% 


Reliability 
Assurance 
Tests. 
Samples 
are continually 


t~~en prior to shipment 
and subjected 
to monitoring 
relia- 
?Ihty tests. They are taken from similar process groups, so 
It may be assumed that the samples' 
reliability is represen- 


tative of the reliability 
of the group. 


Reliability Testing 


Reliability 
is defined 
as the 
characteristics 
of an item 


expressed 
by the probability 
that it will perform a required 


function understated 
conditions 
for a stated period of time. 
This involves 
the concepts 
of probability, 
the definition 
of 
required function(s), 
and the critical time used in defining 


the reliability. 


Definition 
of a required function, 
by implication, 
treats the 


definition 
of a failure. 
Failure is defined 
as the termination 


of the ability of a device to perform its required function. 
A 


device 
is said to have failed 
if it shows 
the inability 
to 


perform 
within 
guaranteed 
parameters 
as given 
in an 


electrical 
specification. 


Discussion 
of reliability 
and failure can be approached 
in 


two ways: with respect to systems orto individual 
devices. 
Important 
considerations 
are the constant 
failure 
period, 


the early failure (infant mortality) 
period, and overall relia- 


bility level. 


~ith 
regard to individual 
devices, 
areas of prime interest 


Include 
specific 
failure 
mechanisms, 
failures 
in acceler- 


ated tests, and failures 
in screening 
tests. 


The accumulation 
of normal device failure rates constitutes 


the 
expected 
failure 
rate of the system 
hardware: 
the 


probability 
that no device failures will occur in a system is 


the product 
of each device's 
probability 
that it will not fail. 


The failure rate of system hardware 
is then the sum of the 


failure 
rates 
of the 
components 
used 
to construct 
the 


system. 


Life Distribution 


The fundamental 
principles 
of reliability 
engineering 
pre- 


dict that the failure rate of a group of devices will follow the 
well-known 
bathtub curve in Figure 4. The curve is divided 


into three 
regions: 
infant 
mortality, 
random 
failures, 
and 


wearout 
failures. 


Infant mortality, 
as the name implies, represents 
the early- 


life failures of devices. 
These failures 
are usually 
associ- 


ated with one or more manufacturing 
defects. 


After some period of time, the failure 
rate reaches 
a low 


value. 
This 
is the 
random 
failure 
portion 
of the curve, 


representing 
the 
useful 
portion 
of the 
life of a device. 


During this random failure period, there is a decline in the 
failure rate due to the depletion of potential random failures 
from the general 
population. 


The wearout failures occur at the end of the device's useful 
life. They are characterized 
by a rapidly rising failure rate 


over time as devices wear out both physically 
and electri- 


cally. 


Thus, for a device 
that 
has a very long life expectancy 


compared 
to the system 
which 
contains 
it, the areas of 


concern will be the infant mortality 
and the random failure 


portions 
of the bathtub 
curve. 


Failure Distribution at NEe 


In an effort 
to eliminate 
infant 
mortality 
failures, 
NEC 


subjects its products to production 
burn-in whenever 
nec- 


essary. This burn-in is performed 
at an elevated tempera- 


ture for 100 percent of the lots involved 
and is designed 
to 


remove the potentially 
defective 
units. 


To study the random failure population, 
integrated 
circuits 


returned 
to NEC from the field undergo 
extensive 
failure 


analysis at respective 
NEC Manufacturing 
Divisions. 
Fail- 


ure mechanisms 
are identified 
and data fed back to cogni- 


zant Production 
and Engineering 
groups. 


This data coupled with in-line data is then used to introduce 
corrective 
actions 
and quality improvement 
measures. 
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After elimination 
of early device failures, 
a system will be 


left to the random failure 
rate of its components. 
Thus, in 


order to make proper projections 
of the failure 
rate of the 


system in the operating 
environment, 
failure rates must be 


predicted 
for the system's 
components. 


Infant Mortality Failure Screening 


Establishing 
infant 
mortality 
screening 
requires 
knowl- 


edge of the likely failure mechanisms 
and their associated 


activation 
energies. 
The most likely problems 
associated 


with infant mortality 
failures 
are generally 
manufacturing 


defects and process anomalies. These defects and anoma- 
lies generally 
consist 
of contamination, 
cracked 
chips, 


wire bond shorts, or bad wire bonds. Since these describe 
a number of possible mechanisms, 
anyone 
of which might 


predominate 
at a given 
time, 
the 
activation 
energy 
for 


infant mortality 
varies considerably. 


Correspondingly, 
the effectiveness 
of a screening 
condi- 
tion-preferably 
at some stress level in order to shorten 


the screening 
time-varies 
greatly with the failure mecha- 


nism. 
For example, 
failures 
due to ionic contamination 


have an activation 
energy of approximately 
1.0 eV. There- 


fore, a 15-hourstress 
at 125°C junction temperature 
would 


be the equivalent 
of approximately 
314 days of operation 


at a junction 
temperature 
of 55°C. 
On the other 
hand, 


failures due to oxide defects 
have an activation 
energy of 


approximately 
0.3 eV, 
and a 15-hour 
stress 
at 125°C 


junction 
temperature 
would 
be the equivalent 
of approxi- 


mately four days' operation 
at 55°C junction temperature. 
As indicated 
by this situation, 
the conditions 
and duration 


of infant mortality 
screening 
must be strongly 
dependent 


on the allowable 
component, 
hence system, failures in the 


field, as well as the economic 
factors 
involved. 


Empirical 
data gathered 
at NEC indicates 
that early fail- 


ures (if any) occur after less than 4 hours of stress at 125°C 
ambient temperature. 
This fact is supported 
by the bathtub 


curve created 
from the life test results of the same lots, 


where the failure 
rate shows a random distribution 
as op- 


posed to a decreasing 
failure rate that runs into the random 


failure 
region. 


Whenever 
necessary, 
NEC has adopted this initial infant 


mortality burn-in at 125°C as a standard production 
screen- 


ing procedure. 
As a result, 
the field 
reliability 
of NEC 


devices 
is an order of magnitude 
higher than the goal set 


for NEC's integrated 
circuit products. 


NEC believes it is imperativethatfailure 
modes associated 


with infant mortality screens be understood 
and fixed at the 


manufacturing 
level. If such failures 
can be minimized 
or 


eliminated, 
and countermeasures 
appropriately 
monitored, 


then such screens 
can be eliminated. 


Long·Term Failure Rate 


NEC's long-term 
failure rate goal, based on the mask and 


process 
design, 
is confirmed 
by life testing 
using 
the 


following 
conditions: 


• 
A minimum of 1.2 million device hours (= sample size x 


test period) at 125°C should be accumulated 
to obtain 


the accuracy 
necessary 
for predicting 
a failure 
rate of 


0.02% per 1000 hours at 55°C with a 60% confidence 
level. 


• 
A minimumof3 
million device hours at 125°Cshouldbe 


accumulated 
to obtain the accuracy 
necessary 
for 


predicting 
a failure rate of 0.01% per 1000 hours at 55°C 


with a 60% confidence 
level. 


Accelerated Reliability Testing 


NEC 
performs 
extensive 
reliability 
testing 
both 
at pre- 


production 
and post-production 
levels 
to insure 
that its 


products 
meet the minimum 
expectations 
set by NEC. 


Accelerated 
reliability 
testing 
results 
are then 
used 
to 


quantitatively 
monitor the reliability. 


As an example, assume that an electronic 
system contains 


1000 integrated 
circuits and can tolerate 
1 percent system 


failures 
per month. The failure 
rate per component 
is: 


1% Failures 
= .0014 
% Failures 


720 Hours x 1000 Pcs. 
1000 Hrs 
or 14 FITs 


To demonstrate 
this failure 
rate, note that 14 FITs corre- 


spond to one failure in about 85 devices during an operat- 
ing test of 10,000 hours. It is quickly 
apparent 
that a test 


condition 
is required to accelerate 
the time-to-failure 
in a 


predictable 
and understandable 
way. The implicit require- 


ment forthe 
accelerated 
stress test is that the relationship 


between 
the accelerated 
stress testing condition 
and the 


condition 
of actual use be known. 


A most common 
time-to-failure 
relationship 
involves 
the 


effect 
of temperature, 
which 
accelerates 
many 
physio- 


chemical 
reactions which may lead to device failure. Other 


environmental 
conditions 
are voltage, 
current, 
humidity, 


vibration, 
or some combination 
of these. Appendix 
2 lists 


typical 
reliability 
assurance 
tests 
performed 
at NEC for 


molded 
integrated 
circuits. 
Figure 5 shows the results of 


some of these tests for various 
process 
types. 


High-Temperature 
Operating/Bias 
Life 
Test 
(HTOU 


HTB). This test is used to accelerate 
failure 
mechanisms 


by operating devices at an elevated temperature 
of 125°C. 


The data obtained 
is translated 
to a lower temperature 
by 


using the Arrhenius 
relationship. 


Figure 5. Typical Reliability 
Test Results 


HTS 
TIH 
PCT 
TIC 


Micro:1 


NMOS 
7/19113 
1519315 
0/11752 


(15 FIT) 


CMOS 
3/11892 
2/7293 
8/9476 
(5.4 FIT) 


Memory: 
[HTOL] 


DRAM' 
10/10052 
019958 
0/5880 
1/2995 
(19 FIT) 


SRAM3 
1110421 
218142 
0/8768 


1 MEG DRAM' 
38/14300 
013634 
1/3060 
1/1780 


(115 FIT) 


ASIC:' 


CMOS 
213506 
1/1111 
1/4764 
412680 
(33 FIT) 


ECl 
0/1080 
0/141 


(8.4 FIT) 


SiGMOS 
1/895 
0/1073 
01935 


(18 FIT) 


Information has been extracted from NEC Report Numbers: 


1TRQ-89-05-0030 
' TRQ-89-01-OO21 


3TRQ-88-09-0008 
'TRQ-89-01-0020 


, TRQ-89-04-0025 


High-Temperature 
and High-Humidity 
Test. Semicon- 


ductor integrated 
circuits are highly sensitive 
to the effect 


of humidity 
causing 
electrolytic 
corrosion 
between 
biased 


lines. The high-temperature 
and high-humidity 
test is per- 


formed to detect failure mechanisms 
that are accelerated 
by these 
conditions, 
such 
as leakage-related 
problems 


and drifts in device parameters 
due to process instability. 


High-Temperature 
Storage 
Test. Another 
common 
test 


is the high-temperature 
storage test, in which devices are 


subjected 
to elevated 
temperatures 
with no applied bias. 


This test is used to detect 
process 
instability 
and stress 
migration 
problems. 


Environmental 
Tests. Other environmental 
tests are per- 


formed to detect problems 
related to the package, 
mate- 


rial, susceptibility 
to extremes 
in environment, 
and prob- 


lems related to usage of the devices. 


Failure Rate Calculation/prediction 


When predicting 
the failure 
rate at a certain temperature 


from accelerated 
life test data, the activation 
energies 
of 


the failure 
mechanisms 
involved 
should 
be considered. 


This is done whenever 
the exact cause offailures 
is known 
through 
failure 
analyses 
results. 


In some cases, an average 
activation 
energy is assumed 


in order to accomplish 
a quick first order approximation. 


NEe assumes 
an average 
activation 
energy of 0.7 eV for 


such approximations. 
This average 
value 
has been as- 


sessed from extensive 
reliability 
test results and yields a 


conservative 
failure 
rate. 


Since 
most semiconductor 
failures 
are temperature 
de- 


pendent, 
the Arrhenius 
relationship 
is used to normalize 


failure rate predictions 
at a system operation 
temperature 


of 55°e. 
It assumes 
that temperature 
dependence 
is an 


exponential 
function 
that defines the probability 
of occur- 


rence, and that the degradation 
of a performance 
parame- 


ter is linear with time. The Arrhenius 
model includes 
the 


effects 
of temperature 
and 
activation 
energies 
of the 


failure 
mechanisms 
in the following 
Arrhenius 
equation: 


A = exp 
-EA (TJ1- TJ2) 


k(TJ1) (TJ2) 


Where: 


A = 
EA = 
TJ1 


Acceleration 
factor 
Activation 
energy 
Junction 
temperature 
(in K) 


at TAl = 55°e 
Junction 
temperature 
(in K) 


at TA2= 125°e 
Boltzmann's 
constant 
= 8.62 x 10-5 eV/K. 


Because the thermal 
resistance 
and power dissipation 
of 


a particular 
device 
type 
cannot 
be 
ignored, 
junction 


temperatures 
(TJl and TJ2) are used instead 
of ambient 


temperatures 
(TAl 
and 
TA2). 
We 
calculate 
junction 


temperatures 
using the following 
formula: 


TJ = TA+ (Thermal 
Resistance) 
(Power 
Diss. at TA) 


In orderto 
estimate 
long term failure rate, the acceleration 


factor must be used to determine 
the simulated 
test time. 


From 
the 
high temperature 
operating 
life test 
results, 


failure 
rates can then be predicted 
at a 60% confidence 


level using the following 
equation: 


X2 105 
L=~ 


Where: 


L = Failure rate in %/1000 hours 


'X2 
= The tabular 
value of chi-squared 
distribution 
at a 


given confidence 
level and calculated 
degrees 
of 


freedom 
(2f + 2, where f = number 
of failures) 


T = # of equivalent 
device 
hours 


(# of devices) 
x (# of test hours) 
x (acceleration 
factor) 


B 
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·Since the failures of concern 
here are the random, not the 
infant mortality 
failures 
[that is, the end of the downward 


slope 
and the 
middle 
(constant) 
section 
of the bathtub 


curve in Figure 4), X2 is determined 
assuming 
a one-sided, 
fixed time test. 


Another 
method of expressing 
failures 
is in FITs (failures 


in time). One FJTis equal to one failure in 109 hours. Since 
L is already 
expressed 
as %/1000 
hours (10-5 failure/hr), 


an easy conversion 
from %/1 000 hours to FIT would be to 


multiply the value of L by 104. 


EXAMPLE: 
A sample 
of 960 pieces was subjected 
to 


1000 
hours 
125°C 
burn-in. 
One 
reject 
was 
observed. 
Given 
that the acceleration 
factor 
was calculated 
to be 


34.6 using the Arrhenius 
equation, 
what is the failure rate 


normalized 
to 55°C 
using 
a confidence 
level of 60%? 


Express 
the failure 
rate in FIT: 


Solution: 


For n = 2f + 2 = 2(1) + 2 = 4, X2 = 4.046. 


X2 105 
Then L = -- 
(%/1000 
hour) 
2T 


X2 105 
(%/1000 
hr) 


2 (# of dev.) (# of test hrs.) (acel. factor) 


(4.046) 
10 


5 


_ 
0 0061 
(01< 
000 h ) 


2(960) (1000) (34.6) 
-. 
0/1 
r 


Therefore, 
FIT = 0.0061 
• (104) = 61 


Product/Process Changes 


As mentioned 
previously, 
a design review is performed for 


product 
modifications 
or changes. 
Once 
the 
design 
is 


approved 
and processes 
altered 
(if necessary) 
for maxi- 


mum quality, the device goes through 
qualification 
testing 


to check the reliability. 
If the test results 
are acceptable, 


the product 
is released 
for mass production. 


Testing 
is also performed 
when only a process 
modifica- 


tion or change 
is made. 


The typical qualification/process 
change tests are listed in 


Appendix 
3. 


Failure Analysis 


At N EC, failure analysis is performed 
not only on field fail- 


ures, but also routinely 
on products 
which exhibit defects 


during the production 
process. This data is closely checked 


for correlation 
with the production 
process quality informa- 


tion, inspection 
results, 
and reliability 
test data. Informa- 


tion derived from these failure analyses 
is used to improve 


product 
quality. 


As there are a lot of failure 
mechanisms 
of LSI devices, 


highly advanced 
analytical 
technologies 
are required 
to 


investigate 
such failures 
in detail. 
The standard 
failure 


analysis 
flowchart 
relating 
to the returned 
products 
from 


customers 
is shown in Appendix 
4. 


NEC's Goals on Failure Rates 


The 
reject 
rate at customer's 
incoming 
inspection, 
the 
infant mortality 
rate, and the long term reliability, 
are all 


monitored and checked against NEC's quality and reliability 
targets 
(listed in Figure 6). 


Reject Rate at Custome,'. 
long Te,m Reliabilily(RT) 
Infant Mortality (FIT) 
Incoming Elect,ical 
Inspection 
(PPM) 


Memory 
IlCOM 
Gate Array. 
Memory 
IlCOM 
Gate Array. 
Memory 
IlCOM 
Gate Arrays 


Year 
EClRAM 
MOS 
BiCMOS 
ECl 
CMOS 
EClRAM 
MOS 
BiCMOS 
ECl 
CMOS 
EClRAM 
MOS 
BiCMOS 
ECl 
CMOS 


1988 
150 
SO 
100 
1000 
300 
300 
100 
50 
100 
1000 
300 
150 
100 
100 
150 
1000 
300 
400 


1990 
100 
50 
100 
500 
200 
150 
80 
50 
80 
SOD 
250 
100 
80 
100 
150 
500 
250 
300 
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Summary and Conclusion 


As has been discussed, 
building quality and reliability into 


products 
is the 
most 
efficient 
way 
to ensure 
product 


success. 
NEC's 
approach 
of distributing 
quality 
control 


functions to process steps and then forming 
a total quality 


control system 
has produced 
superior 
quality 
and excel- 


lent reliability. 


Prescreening, 
whenever 
necessary, 
has been a major 


factor in improving 
reliability. 
In addition, 
monthly 
reliabil- 


ity assurance 
tests 
have ensured 
high outgoing 
quality 


levels. 


The combination 
of building quality into products, 
effective 


prescreening 
of potential 
failures, 
and monitoring 
of relia- 


bility through 
extensive 
testing 
has established 
a singu- 


larly high standard of quality and reliability for NEC's large- 
scale integrated 
circuits. 


Through 
a companywide 
quality control program, conti nu- 


ous research and development 
activities, 
extensive failure 


analysis, and process improvements, 
this higher standard 


of quality and reliability will continuously 
be set and main- 


tained. 
II 
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Appendix 
1 
Typical 
QC Flow for CMOS Fabrication 


Roslstlvlty 
(sampling 
by lot) 
Dlmonslon 
(sampling 
by lot) 
Visual (sampling 
by lot) 


Woll 
Formation 


Oxidation 
Photo Lithography 
Oxldo Thlcknoss 
(sampling 
by lot) 
Altgnmont 
and Etching 
Accuracy 
(sampling 
by lot) 


Layor Roslstanco 
(sampling 
by day) 
Ion Implantation 


Flold 
Formation 


Doposltlon 
Photo Lithography 


Oxidation 


Channol 
Stoppor 
Formation 


Photo Lithography 


Ion Implantation 
Oxidation 


Gate 
Formation 


Deposition 
Doping 
Photo Lithography 


Doposlt Thlcknoss 
(sampling 
by lot) 
Layor Roslstanco 
(sampling 
by lot) 
Allgnmont 
and Etching 
Accuracy 
(sampling 
by lot) 
Gato Eloctrodo 
Width (sampling 
by lot) 


Ion Implantation 
Anneal 


Contact 
Holo 


Doposltlon 
Photo Lithography 
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Appendix 
1 


Typical 
QC Flow for PLCC Assemblyffest 


The Check 
of Manufacturing 
Conditions 
The Check 
of Manufacturing 
Qualities 


Process/Materials 
Check 
Checked 
Check 
Checked 
Frequency 
Instrument 
Frequency 
Instrument 
Items 
By 
Item 
By 


1 
Sorted 
Wafers 


2 
Waler Visual 
Wafer 
Visual 
100% 
(Naked Eye) 
Operator 


Table Speed 
Every 
Indicators 
P.C. 
Sawing 
Before 
Microscope 
Operator 
3 
Dicing 
01 Water 
Shill 
Gauges 
Dimensions 
Running 
with Filter 


Blade Height 
Eyepiece 


Wafer 
Break 
Every 
Indicators 
P.C. 
WaferVlsuaJ 
100% 
(Naked Eye) 
Operator 


Conditions 
Shill 
Gauges 
4 
Break and Expand 
Wafer Expand 
Conditions 


Die 
Every Lot 
Microscope 
Operator 


5 
Ole Visual 
Inspection 
Visual 
Sampling 
(Or 100%) 


6 
Lead 
Frames 
Die Attached 
Every 
Indicators 
P.C. 
Die Visual 
Every 
(Naked Eye) 
Operator 


Conditions 
Shill 
Thermocouple, 
Epoxy 
Magazine 


Potentiometer 
Coverage 


7 
Ole Attached 
Temperature 
Every Shill 
Microscope 


Epoxy 
Cure 
Heat 
Every 
Indicators 
P.C. 
Shear 
Every 
Dynamometer 
Operatcr 


8 
(Not Done lor Gold 
Temperature 
Shill 
Gauges 
Strength 
Shill 
Ole Attached 
product) 
N2 Flow 


9 
Fine Wire 
Bonding 
Every 
Indicators 
P.C. 
Visual 
Every 
Microscope 
Operator 


Conditions 
Shill 
Magazine 


10 
Wire Bonding 
Temperature 
Every 
Thermocouple 
P.C. 
Wire Pull 
Every 
Tension 
Operator 


Week 
and 
Test 
Shill 
Gauge 


Potentiometer 


Pre-Seal 
Visual 
Ole 
Every Lot 
Microscope 
Inspector 
11 
Inspection 
Visual 
Sampling 
(or 100%) 


liP. 
Molding 
Compound 
Temperature 
Every 
Thermocouple 
P.C. 


of Pellet, 
Shill 


Expiration 
Date 


13 
Molding 
Temperature 
Every Shill 
Thermocouple, 
P.C. 
Visual 
100% 
(Naked Eye) 
Operator 


Proflleo! 
Potentiometer 
DieSel 


Preheat 
Temperature 


Pressure 


Cure Time 


14 
Mold Aging 
Temperature 
Every Shill 
Indicator 
P.C. 


15 
Oellashlng 
Deftashing 
Every Shill 
Indicators 
P.C. 
Visual 
Every Lot 
(Naked Eye) 
Operator 


Conditions 


Concentration 
Every Week 
Titration 
Tech. 


Density 
Every Week 
Density 
Meter 
Tech. 


Water Jet 
Pressure 
Every Day 
Gauge 
Tech. 
0 


Plating 
Every Day 
Indicators 
P.C. 


Plating 
Conditions 


Concentration 
Every Week 
Titration 
Tech. 
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Appendix 
1 
Typical QC Flow for PLCC Assemblyflest 
(Cont.) 


The Check of Manufacturing 
Conditions 
The Check of Manufacturing 
Qualities 


Process/Materials 
Check 
Checked 
Check 
Frequency 
Checked 


Frequency 
Instrument 
Instrument 


Items 
By 
Item 
By 


~7J 
Plating 
Inspection 
Visual 
Every Lot 
(Naked Eye) 
Technician 


Plating 
Thickness 
Every Lot 
X-ray 
Technician 


Composition 
Every Lot 
X-ray 
Technician 


Solderability 
OncelDay 
(Naked Eye) 
Technician 


~ 
Marking 
Ink 
Marking 
Every Shitt 
Indicators 
P.C. 
Visual 
Every Lot 
(Naked Eye) 
Operator 


Conditions 


19 
Marking 


20 
Mark Cure 
Temperature 
Every 
Thermocouple 
P.C. 
Marking 
Twice/Shift 
Automatic 
Operator 


Shitt 
Permanency 
Tester 


Dimensions 
Every Shitt 
Test Jig. 
operator 
Visual 
Every 
Lot 
(Naked Eye) 
Operator 


21 
Lead Forming 
(Before 
Caliper 
Running) 


22 
Final Assembly 
Inspection 
Visual 
Every Lot 
Magnifying 
Operator 


Lamp 


P.M. Check 
Every Day 
P.M. Jig. 
operator 


23 
1st Electrical 
Sorting 
Sample 
Before 
Test 
Operator 
Electrical 
100% 
IC Tester 
Operator 


Check 
Testing 
Sam pies 
Characteristics 


24 
Burn-In 
(Whenever 
Necessary) 
Burn-In 
Every 
Indicator 
P.C. 


Conditions 
Batch 


Every Day 
P.M. Jig. 
Operator 
25 
2nd Electrical 
Sorting 
Before 
Test 
Operator 
Electrical 
100% 
Ie Tester 
Operator 


Testing 
Samples 
Characteristics 


26 
Reliability 
Assurance 
Test 
Every 
Month 


Every Day 
P.M. Jig. 
Electrical 
Every 
Lot 
Ie Tester 
Inspector 


Before 
Test 
Characteristics 


27 
In~WarehouseInspection 
Testing 
Samples 
Visual (Major) 
Every Lot 
(Naked Eye) 
Inspector 
and 


Microscope 


Visual (Minor) 
Every Lot 
(Naked Eye) 
Inspector 


28 
Warehousing 
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Appendix 2 
Typical Reliability 
Assurance 
Tests 


The life tests performed by NEe consist of high temperature 
operatinglbias 
life (HTOUHTB), 
high temperature 
storage 


life (HTSL), 
high temperature/high 
humidity 
(T/H), 
and 


high humidity storage life (HHSL) tests. Additionally, various 


environmental 
and mechanical 
tests are performed. 
The 


table below shows the conditions 
of the various 
life tests, 


environmental 
tests, and mechanical 
tests. 


Test Item 
Symbol 


High Temperature 
HTOlJHTB 


Operating/Bias 
Life 


High Temperature 
HTSL 


Storage Life 


High Temperaturel 
Til-l 


High Humidity 


High Humidity 
HHSL 


Storage Life 


Pressure Cooker 
PCT 


Temperature 
Cycling 
TiC 


Lead Fatigue 
C3 


Solderability 
C4 


Soldering Heat! 
C6 
Temperature 
CycleJ 


Thermal Shock 


MIL·STD·883C 
Method 
Remarks II 
(Note 1) 


{Note1} 


(Note 1) 


(Note 1) 


(Note 1) 


{Note 1) 


(Note 2) 


{Note 3) 


(Note 1) 


T. = 125'C, P = 2.3 atm 


- 65'C to 150'C, 1 hr/cycle 


(Note 4) 


1010 
1011 


230'C, 5 see, Rosin Base Rux 


260'C, 10 sec, Rosin Base Ruxl 
10-1 hr cycles, -<>5'C to 150'C1 
15-10 min cycles, O'C to 100'C 


Notes: 


(1) Electrical test per data sheet is performed. Devices that exceed the data 


sheet limits are considered to be rejects. 


(2) Broken lead is considered to be a reject. 


(3) Less than 95% coverage is considered to be a reject. 


(4) MIL-STD·750A, method 2031. 


Reliability 
and Quality Control 
NEe 


Appendix 3 
New Product / Process 
Change 
Tests 


Newly 
Developed 
Shrink 
New 
Teslilem 
Test Conditions 
Sample Size 
Product 
Die 
Package 
Wafer 
Assembly 


High Temp. 
See Appendix 2, 1000H 
20 to 50 pes 
0 
0 
0 
0 
0 


Operating Life 
X1t031ots 


High Temp. 
T = 150"C (Plastic), 
10 to 20 pes 
0 
0 
0 
0 
0 


Storage Life 
175"C (Ceramic), 1000H 
X 1 103 lots 


High Temp. and 
See Appendix 2, 1000H 
20 to 50 pes 
0 
0 
0 
0 
0 


Humidity Bias Life 
X1t031ots 


(Plastic Device) 


Pressure cooker 
See Appendix 2, 288H 
10 to 20 pes 
0 
0 
0 
0 
0 
(Plastic Device) 
X1 t0310ts 


Thermal 
See Appendix 2 
10 to 20 pes 
0 
X 
0 
X 
0 


Environmental 
X1t0310ts 


Mechanical 
200, 10 to 2000 Hz 
10 to 20 pes 
Environmental 
1500G, 0.5 ms 
X1t0310ts 
0 
X 
0 
X 
0 
(Ceramic Device) 
20000G, 1 min 


Lead Fatigue 
See Appendix 2 
Spes 
X 
X 
X 


X1t031ots 


Solderabil~y 
See Appendix 2 
Spes 
X 
X 
X 


X1t031ots 


ESD 
(1)C=200pF, 
R=On 
20 pes 
0 
0 
X 
0 
X 
(2) C= 100pF, R= 1.5 Kn 
X1to31ots 


Long Term TIC 
See Appendix 2, 1000 cy 
10 to 50 pes 
0 
0 
0 
0 
0 


X1t031ots 


O-Performed 
X - Perform if Necessary 
- 
- Not Performed 


NEe 


Appendix 4 
Failure Analysis Flowchart 


INFORMATION 


Failure mode: 
Situation, 
When Failure 
Appeared: 
etc. 


Due to the Case: X-ray FlUOroscope, 
Hermetical 
Test, Dew-polnt Test, 


Curvetracer 
Check, etc. 


Decapsulation, 
Internal Visual 
Check, Electrical 
Measurement, 


CirculI 
Analysis 


Estimation 
01 Causes 
Countermeasures 
Corrective 
Action 


II 
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ftt{EC 


Application-Specific 
Devices II 


ttiEC 


Section 3 
Application-Specific 
Devices 


I4PD41264 
65,536 x 4-Bit Dual-Port Graphics Buffer 


I4PD42264 
65,536 x 4-Bit Dual-Port Graphics Buffer 


I4PD42273 
262,144x 4-Bit Dual-Port Graphics Buffer 


I4PD42274 
262,144x 4-Bit Dual-Port Graphics Buffer 


I4PD42275 
131,072x 8-Bit Dual-Port Graphics Buffer 


I4PD42101 
910x 8-Bit Line Buffer for NTSC lV 


I4PD42102 
1,135x 8-Bit Line Buffer for PALlV 


I4PD42505 
5,048 x 8-Bit Line Buffer for 
Communications 
Systems 


I4PD42270 
910x 263 x 4-Bit NTSC Field Buffer 


I4PD42272 
Picture-in-Picture Generator 


I4PD42532 
32,768 x 8-Bit Bidirectional Data Buffer 


I4PD42601 
1,048,576-Bit Silicon Fiie 


I4PD43501 
1,024-Channel Time Division Switch 


I4PD43608 
Single-Chip Cache Subsystem 


I4PD71641 
Cache Memory Controller 


I4PD72120 
Advanced Graphics Display Controller 


I4PD72123 
Advanced Graphics Display Controller II 


I4PD72185 
Advanced Compression/Expansion Engine 


I4PD7220A 
High-Performance 
Graphics Display Controller 


Application 
Note 54 
J.lPD42505Line Buffer for 
Communications 
System 


Application 
Note 55 
J.lPD411011!J.lPD41102 
High-Speed Line Buffers 


Application 
Note 56 
J.lPD42601Silicon File 


Application 
Note 57 
J.lPD41101!J.lPD41102!J.lPD42505 
High-Speed Line Buffers 


Application 
Note 58 
Interlaced to Noninterlaced 
Scan Conversion Using the 
J.lPD41101High-Speed Line Buffer 


Application 
Note 89-15 
Computer Graphics Overview 


Application 
Note 89-16 
Frame Buffer Architecture 


Application 
Note 90-01 
Realism in Computer Graphics 


Application 
Note 90-02 
High Performance Systems 


Application 
Note 90-03 
Memory Systems Overview 


Application 
Note 90-06 
Silicon File System Architecture 


NEe 


Application-Specific 
Devices 


pPD42273 


pPD42274 


256K x 4·bit dua~port 
graphics 
buffer 


256K x 4-bit dua~port 
graphics 
buffer 
with flash write 
option 


256K x 32-bit dua~port 
graphics 
buffer 
SIMM with flash write 
option 


1M x 9-bit silicon file SIMM 


7568 x 18-bit picture-in-picture 
generator 


Me-42601 EA9B-60L 


pPD42271 


pPD42641 


pPD42644 


4M x 1-bit silicon file 


1M x 4-bit silicon file 


New speed of 80 ns 


New speed of 80 ns 


30 pins, socket-mountable 


Same as pPD42272, except no colored frame on inset 
picture 


New in first half of 1991, with speeds to 80 ns 


New in first half of 1991, with speeds to 80 ns II 


WEe 


NEe 
NEe Electronics Inc. 
IJPD41264 


Dual-Port Graphics Buffer 


Description 


The JlPD41264is a dual-port graphics buffer equipped 
with a 64K x 4-bit random access port and a 256 x 4-bit 
serial read port. The serial read port is connected to an 
internal 
1024-bit data register through a 256 x 4-bit 


serial read output circuit. The random access port is 
used by the host CPUto read or write data addressed in 
any desired order and has a write-per-bit 
option that 


allows each of the four data bits to be individually 
selected or masked for a write cycle. 


The JlPD41264 features fully 
asynchronous 
dual ac- 


cess, except when transferring 
stored graphics data 


from a selected row of the storage array to the data 
register. During a data transfer, the random access port 
requires a special timing cycle using a transfer clock, 
while the serial read port continues to operate nor- 
mally. R::Jllowingthe clock transition of a data transfer, 
serial read output data changes from an old line to a 
new line and the starting 
location on the new line is 


addressable in the data transfer cycle. 


The JlPD41264 is fabricated 
with a double polylayer, 
N-channel, silicon 
gate process that 
provides high 


storage cell density, high performance, and high reli- 
ability. Refreshing is accomplished 
by means of RAS- 


only refresh cycles or by normal read or write cycles on 
the 256 address combinations 
of Ao through A7 during 


a 4-ms period. Automatic internal refreshing, by means 
of either hidden refreshing or the CAS before RAS 
timing and on-Chip refresh circuitry, is also available. 
The transfer of a row of data from the storage array to 
the data register also refreshes that row automatically. 


All inputs 
and outputs, 
including 
clocks, are TTL- 
compatible. All address and data-in signals are latched 
on-chip to simplify 
system 
design. Data-out 
is un- 
latched 
to 
allow 
greater 
system 
flexibility. 
The 


JlPD41264 is available in a 24-pin plastic DIP,or 24-pin 
plastic ZIP, and is guaranteed 
for operation 
at 0 to 


+70°C. 


Features 


o Three functional blocks 
- 
64K x 4-bit random access storage array 


-1024-bit 
data register 
-256 
x 4-bit serial read output circuit 


o Two data ports: random access and serial read 
o Dual-port accessibility except during data transfer 
o Addressable start of serial read operation 
o Real-time data transfer 
o Single +5-volt ± 10%power supply 
o On-Chipsubstrate bias generator 
o Random access port 
- 
Two main clocks: RAS and CAS 
- 
Multiplexed address inputs 
- 
Direct connection of I/O and address lines 
allowed by OE to simplify system design 


- 
Refresh interval: 256 cycles/4 ms 
- 
Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and page mode 
capabilities 
- 
Automatic internal refreshing by means of the 
CAS before RAS on-chip address counter 


- 
Hidden refreshing by means of CAS-controlled 
output 
- 
Write-per-bit capability 
- 
Write bit selection multiplexed on 100-103 
o RAS-activated data transfer 
- 
Same cycle time as for random access 


- 
Row data transferred to data register as 
specified by row address inputs 
-Starting 
location of following serial read 


operation specified by column address inputs 


- 
Transfer of 1024bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 


- 
Data transfer during real-time operation or 
standby of serial port 


o Fast serial read operation by means of SC pins 


- 
Serial data presented on SOo-803 


- 
Direct connection of multiple serial outputs for 
extension of data length 


o Fully TTL-compatible inputs, outputs, and clocks 
o Three-state outputs for random and serial access 
o 24-pin plastic DIP and 24-pin plastic ZIP packaging 


II 
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SC 


SOD 


S01 


ar/OE 


WO/IOO 


W1/101 


WBIWE 


RAS 


A6 
AS 


A4 


VCC 


GND 


S03 


S02 


SOE 


W3/103 


W21102 


CAS 


AO 


A1 


A2 


A3 
A] 


W2/'r02 


SOE 
5°3 
SC 
5°1 


WO/IOO 


WBIWE 


A6 


A4 
A] 


A2 
AO 


Ordering Information 


Row Access 
Serial 
Access 


Part Number 
Time (max) 
Time (max) 
Package 


pPD41264G-12 
120 ns 
40 ns 
24-pin 


G-15 
150 ns 
60 ns 
plastic 
DIP 


pPD41264V-12 
120 ns 
40 ns 
24-pin 


V-15 
150 ns 
60 ns 
plastic ZIP 


Symbol 
Function 


Ao-A] 
Address inputs 


CAS 
Column address strobe 


D170E 
Data transfer/output 
enable 


83IH·6631A 


RAS 
Row address strobe 


SC 
Serial control 


SOO·S03 
Serial read outputs 


SOE 
Serial output 
enable 


Wo/10o - Ws/103 
Write-per-bit 
inputs/data 
inputs and outputs 


GND 
Ground 


WB/WE 
Write-per-biVwrite 
enable 


VCC 
+5-volt power supply 


NEe 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Supply voltage 
Vee 
4.5 
5.0 
5.5 
V 


Input voltage, high 
VIH 
2.4 
5.5 
V 


Input voltage, low 
VIL 
-1.0 
0.8 
V 


Operating temperature 
TA 
0 
70 
·C 


Absolute Maximum Ratings 


Voltage on any pin except Vee relative to GND, 
-1.0 
to + 7.0 V 


VA1 


Voltage on Vee relative to GND, VR2 
-1.0 
V to + 7.0 V 


Operating temperature, TOPA 
0 to + 70·C 


Storage temperature, TSTG 
- 55 to + 125·C 


Short-circuit 
output current, 10S 
50 mA 


Power dissipation, 
Po 
1.5 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; 
exceeding the ratings could cause perma- 
nent damage. The device 
should 
be operated 
within 
the 
limits 


specified 
under DC and AC Characteristics. 


Capacitance 
TA = 0 to + 70·C; vee = +5.0 V ±10%; f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


Input capacitance 
CI(A) 
5 
pF 
Ao - A7 


CI(DT/OE> 
6 
pF 
Dl70E 


CI(WiiiWE) 
8 
pF 
WBiWE 


C1(RAs) 
8 
pF 
AAS 


CI(CAS) 
8 
pF 
CAS 


CI(SOE) 
8 
pF 
S6E 


cl(se) 
8 
pF 
SC 


InpuVoutput 
CIO(W/IO) 
7 
pF 
Wס/'Oo - W:lI03 


capacitance 
II 


~EC 


AO_ 
Al- 
A2 ---+- 
~ 


A3 ----. 
CD 
A4- 
i 


AS 
---. 
~ 
AS- 
A7- 


vcc_ 
GND- 


sc-B 


NEe 


Device Operation 


The JlPD41264has a random access port and a serial 
read port. The random access port executes standard 
read/write cycles as well as data transfer cycles, all of 
which are based on conventional RAS/CAStiming. In a 
data transfer, data in each storage cellon the selected 
row is transferred simultaneously 
through a transfer 


gate to the corresponding 
register location. The serial 


read port shows the contents of the data register in 
serial order. The random access and serial read ports 
can operate asynchronously, except when the transfer 
gate is turned on during the data transfer period. 


Addressing 


The storage array is a 256-row by 1024-column matrix. 
Each of 4 data bits in the random access port corre- 
sponds to 65,536storage cells, and 16address bits are 
required to decode one cell location. Eight row address 
bits are set up on pins Aothrough A7 and latched onto 
the chip by RAS.Eight column address bits then are set 
up on pins Aothrough A7 and latched onto the chip by 
CAS. All addresses must be stable, on or before the 
falling edges of RAS and CAS. 


RAS is similar to a chip enable signal; whenever it is 
activated, 1024 cells on the selected row are sensed 
simultaneously and the sense amplifiers automatically 
restore the data 
CAS is a chip selection signal that 


activates the column decoder and input/output 
buff- 


ers. 


Through 1 of 256 column decoders, 4 storage cells on 
a row are connected to 4 data buses, respectively. In a 
data transfer 
cycle, 8 row address bits are used to 


select 1of the 256 possible rows involved in the transfer 
of data to the data register. Eight column address bits 
are then used to select the 1 of 256 possible serial 
decoders that corresponds to the starting location of 
the next serial read cycle. In the serial read port, when 
SC is activated, 4 data bits in the 1024-bit data register 
are transferred to 4 serial data buses and read out. 
Activating 
SC repeatedly causes a serial read cycle 


(starting from the location specified in the data trans- 
fer) to be executed within the 1024 bits in the data 
register. 


Random Access Port 


An operation in the random access port begins with a 
negative transition 
of RAS. Soth RAS and CAS have 


minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, 
including 
minimum cycle time. To re- 


duce the number of pins, the following functions are 
multi-plexed in the random access port: 


• 
DT/OE 
• WSNJE 
• W,jIOj (i = 0, 1,2,3) 


The OE,WE and 10ifunctions represent standard oper- 
ations while D1; WS, and Wi are special inputs to be 
applied in the same way as row address inputs, with 
setup and hold times referenced to the negative tran- 
sition of RAS.The DT level determines whether a cycle 
is a random access operation or a data transfer oper- 
ation. WS affects only write cycles and determines 
whether or not the write-per-bit 
option 
is used. Wj 


defines data bits to be written with the write-per-bit 
capability. 
In the following 
discussi9ns, 
these multi- 


plexed pins are designated a$ DT(/OE), for example, 
depending on the function being described. 


To use the JlPD41264for random access, DT(/OE) must 
be high as RASfalls. Holding DT(/OE) high disconnects 
the 1024-bit data register from the corresponding 1024- 
digit lines of the stor~e 
array. Conversely~execute 


a data transfer, DT(/OE) must be low as RAS falls to 
open the 1024 data transfer gates and transfer data 
from one of the rows to the data register. 


Read Cycle. A~ad 
cycle is executed ~ 
activating 


RAS,CAS, and OE and maintaining (WS/)WEhigh while 
CAS is active. The (WjI')lOj data pin (i = 0, 1, 2, 3) 
remains in high impedance until valid data appears at 
the output at access time. Device access time, tACC,is 
the longest of the following three calculated intervals: 


• tRAC 
• 
RASto CAS delay (tRCO)+ tCAC 
• 
RASto OE delay + tOEA 


II 


Access times from RAS (tRAd, from CAS (teAd, 
and 


from OE (toE&.?re device parameters. The RASto CAS 
and RAS to OE delays are system-dependent 
timing 


parameters. 


Output 
becomes 
valid 
after the 
access time 
has 


elapsed and it remains valid while both CAS and OE are 
low. CAS or OE high returns the output to high imped- 
ance. 


Write Cycle. A write cycle is executed 
by bringing 


0NB/)WE low dUrJ.!:!.9the RAS/CAS cycle. The falling 
edge of CAS or 0NB/)WE strobes the data on 0Nv')IOj 
into the on-chip data latch. To make use of the write- 
per-bit capability, WB(IWE) must be low as RASfalls. In 
this case, data bits targeted for write operation can be 
specified by keeping Wj(llOiJ high, with setup and hold 
times referenced to the negative transition of RAS. 


Forthose data bits of Wj(/IOiJthat are kept low as RAS 
falls, write operation is inhibited onthe chip. IfWB(IWE) 
is high as RASfalls, the write-per-bit option is not used 
and a write cycle is executed for all four data bits. 


Early Write Cycle. An early write cycle is executed by 
bringing 0NB/)WE low before CAS. Data is strobed by 
CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for 
the entire cycle. As RAS falls, (DT/)OE must meet the 
setup and hold times of a high D1; but otherwise 
(DT/)OEdoes not affect any circuit operation while CAS 
is active. 


Read-Write/Read-Modify-Write 
Cycle. 
Bringing 
the 


0NB/)WE signal low with RAS and CAS low executes 
this cycle. 0Nv')IOjshows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
0Ni/)IOj is returned to high impedance by a high (DT/) 
OE.The data to be written is strobed by (WB/)WE,with 
setup and hold times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibi'!!!y 
of (DTI)OE,which~n 
~ 
activated just after ~WE 


falls, even when 0NB/)WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 256 row ad- 
dresses (Ao through A7) will refresh all storage cells. 
Any cycle in the random access port (i.e., read, write, 
refresh, or data transfer) 
refreshes the 1024 bits se- 


lected by the RAS addresses or by the on-chip refresh 
address counter. 


RAS-only 
Refresh Cycle. A cycle having only RAS 


active refreshes one row of the storage array. A hi~h 
CAS is maintained while RASis active to keep 0Nv')IOjin 
a state of high impedance. This cycle is preferred for 
refreshing, especially when the host system consists of 
multiple 
rows of random 
access devices. The data 


outputs may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 


CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RAS falls, this circuitry 
auto- 


matically refreshes the row addresses specified by the 
internal address counter. In this cycle, the circuit oper- 
ation based on CAS is maintained 
in a reset state. 


When internal 
refreshing 
is complete, 
the address 


counter 
automatically 
increments in preparation 
for 


the next CAS before RAS cycle. 


Hidden Refresh Cycle. This function performs hidden 
refreshing after a read cycle, without 
disturbing 
the 


read data output. Once valid, the data oUt.e!:!!..iscon- 
trolled by CAS and OE.Afterthe read cycle, CAS is held 
low while RAS goes high for prechar~ 
A RAS-only 


cycle is then executed 
(except that CAS is held low 


instead of high) and the data output 
remains valid. 


Since hidden refreshing is the same as CAS before RAS 
refreshing, the data output remains valid during either 
operation. 


Fast-Page Cycle.This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. By main- 
taining RAS low while successive CAS cycles are exe- 
cuted, data is transferred at a faster rate because RAS 
addresses are maintained internally and do not have to 
be reapplied. During this operation, it is also possible 
to execute read, write and read-write/read-modify-write 
cycles. Additionally, the write-per-bit 
control specified 
in the entry write 
cycle is maintained 
through 
the 


following fast-page write cycle. 
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DC Characteristics 
TA = a to + 7o·C; Vcc = 5.0 V ±1O% 


Parameter 
Symbol 
Min 
Typ 
Max 
UnIt 
Test Conditions 


Input leakage current 
IlL 
-10 
10 
fJA 
VIN = a to 5.5 V; all other pins not under test = a V 


Output 
leakage current 
IOL 
-10 
10 
fJA 
DOUT (IOi, SOJ disabled; 
VOUT = a to 5.5 V 


Random access port output voltage, 
high 
VOH(R) 
2.4 
V 
IOH(R}= -2 mA 


Random access port output voltage, 
low 
VOL(R} 
0.4 
V 
IOL(R}= 4.2 mA 


Serial read port output voltage, 
high 
VOH(S) 
2.4 
V 
IOH(S)= -2 mA 


Serial read port output voltage, 
low 
VOL(S} 
0.4 
V 
IOL(S) = 4.2 mA 


Data Transfer 
Cycle. A data transfer cycle is executed 


by bringing DT(/OE) low as RASfalls. The specified 1 of 
the possible 256 rows involved in the data transfer, 
aswell as the starting 
location of the following serial 


read cycle in the serial read port, 
are defined 
by 


address inputs. DT(lOE) must be low for a specified 
time, measured from RAS and CAS, so that the data 
transfer condition 
may be satisfied 
. The low-to-high 


transition 
of 
DT causes 
two 
transfer 
operations 


through the data transfer gates: column address buffer 
outputs are transferred to the serial address counters, 
and storage cell data amplified on digit lines is trans- 
ferred to the data register. At least one SC cycle is 
required to hold the data in the register. Otherwise, the 
beginning of the next transfer cycle destroys the newly 
transferred 
data. RAS and CAS must be low during 


these operations 
to keep the transferred 
data in the 


random access port. 


Serial Read Port 


The serial read port is used only to read serially the 
contents of the data register starting from a specified 
location. The entire operation, therefore, follows a data 


transfer cycle. Data stored in the serial register remains 
valid for a minimum of 4 ms after the transfer cycle. The 
only condition under which the serial read port must 
synchronize with the random access port is when the 
positive transition 
of DT(/OE) must occur within 
a 


specified 
period in an SC cycle. Except for this SC 


CYCle,the serial read port can operate asynchronously 
with the random access port. The output data appears 
at SOj after an access time of tscA, measured from SC 
high, only when SOE is maintained low. The SC cycle 
that includes the positive transition 
of DT(/OE) shows 


old data in the data register; subsequent SC cycles 
show new data transferred to the data register serially 
and in a looped manner. The serial output is maintained 
until the next SC signal is activated. SOE controls the 
impedance of the serial output to allow multiplexing of 
more than one bank of pPD41264 graphics buffers into 
the same external circuitry. When SOE is low, SOi is 
enabled and the proper data is read. When SOE is at a 
high logic level, SOj is disabled and in a state of high 
impedance. 


II 


pPD41264 


Power Supply Current 
TA = 0 to + 70'C; VCC = +5.0 V ±10% 


-12 
-15 


Random Access 
Port 
Serial 
Read Port 
Symbol 
Max 
Max 
Unit 


Read/Write cycle 
Standby 
ICCI 
95 
85 
mA 


Standby 
Standby 
ICC2 
12 
12 
mA 


RAS-only refresh cycle 
Standby 
ICC3 
75 
65 
mA 


Page cycle 
Standby 
ICC4 
65 
55 
mA 


CAS before RAS refresh cycle 
Standby 
ICC5 
75 
65 
mA 


Data transfer 
Standby 
ICC6 
120 
100 
mA 


Read/write cycle 
Active 
ICC7 
155 
130 
mA 


Standby 
Active 
ICC8 
60 
45 
mA 


RAS-only refresh cycle 
Active 
ICC9 
135 
110 
mA 


Page cycle 
Active 
ICC10 
125 
100 
mA 


CAS before RAS refresh cycle 
Active 
ICC11 
135 
110 
mA 


Data transfer 
Active 
ICC12 
180 
145 
mA 
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Test Conditions 


RAS and CAS cycling; tRc = tRC min; 
10 = 0 mA; SC = S5E = VIH (Note 1) 


RAS = VIH; DOUT = high impedance; 
SC = S5E = V1H 


RAS cycling; 
CAS = VIH; tRC = tRC min; 


SC = S5E = V1H 


RAS = VIL; CAS cycling; tpc = tpc min; 
SC = S5E = VIH (Note 1) 


CAS low as RAS falls; tRC = tRC min; 
SC = S5E = VIH (Note 1) 


DT low as RAS falls; tRC = tRC min; 


SC = S5E = VIH 


RAS and CAS cycling; tRC = tRC min; 
SOE = VIL; SC cycling; tscc 
= tscc 
min 


(Note 1) 


RAS = VIH; DOUT = high impedance; 
SOE = V1L;SC cycling; tscc 
= tscc 
min 


(Note 1) 


RAS cycling; 
CAS = VIH; tRC = tRC min; 


SOE = VIL; SC cycling; tscc 
= tscc 
min 


(Note 1) 


RAS = VIL; CAS cycling; tpc = tpc min; 
SOE = VIL; SC cycling; tscc 
= tscc 
min 


(Note 1) 


CAS low as RAS falls; tRC = tRC min; 
SOE = VIL; SC cycling; tscc = tscc 
min 


(Note 1) 


DT low as RAS falls; tRC = tRC min; 
SOE = VIL; SC cycling; tscc = tscc 
min 


(Note 1) 


"PD41264-12 
"PD41264-15 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Unit 


Column address hold time after RAS low 
tAR 
80 
100 
ns 


Column address setup time 
tASC 
0 
0 
ns 


Row address setup time 
tASR 
0 
0 
ns 


Access time from CAS 
!cAC 
60 
75 
ns 


Column address hold time 
!cAH 
20 
25 
ns 


CAS pulse width 
teAS 
60 
10,000 
75 
10,000 
ns 


Notes: 


(1) No load on 10ior SOj. Exceptfor 
ICC2' ICC3' and IcC6' real values 
depend on output 
loading and cycle rates. 


AC Characteristics 
TA = 0 to + 70'C; Vcc = +5.0 V±10% 
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AC Characteristics 
(cent) 


"PD41264-12 
"PD41264-15 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


DT low hold time after RAS low 
tCOH 
40 
55 
ns 
(Note 12) 


CAS before RAS refresh hold time 
tCHR 
25 
30 
ns 


CAS precharge time (page cycle only) 
!cp 
50 
60 
ns 


CAS precharge time (nonpage cycle) 
!cPN 
25 
30 
ns 


CAS high to RAS low pre charge time 
tCRP 
10 
10 
ns 


CAS hold time 
tCSH 
120 
150 
ns 


CAS before RAS refresh setup time 
tCSR 
10 
10 
ns 
II 


CAS to WE delay 
!cwo 
100 
120 
ns 
(Note 10) 


Write command 
to CAS lead time 
tCWL 
40 
45 
ns 


Data-in hoid time 
tDH 
35 
45 
ns 
(Note 11) 


DT high hold time 
tOHH 
20 
25 
ns 


Data-in hold time after RAS low 
tOHR 
95 
120 
ns 


DT high setup time 
tOHS 
0 
0 
ns 


DT low setup time 
tOLS 
0 
0 
ns 


Data-in setup time 
tos 
0 
0 
ns 
(Note 11) 


DT high to CAS high delay 
tOTC 
10 
10 
ns 


DT high hold time after RAS high 
tOTH 
20 
25 
ns 


DT high to RAS high delay 
tOTR 
10 
10 
ns 


OE pulse width 
toE 
35 
40 
ns 


Access time from OE 
toEA 
30 
40 
ns 
(Note 2) 


OE to data-in setup delay 
toED 
35 
40 
ns 


OE hold time after WE low 
tOEH 
30 
40 
ns 


OE to RAS inactive 
setup time 
tOES 
10 
10 
ns 


Output 
disable time from OE high 
toEZ 
0 
30 
0 
40 
ns 
(Note 6) 


Output 
disable time from CAS high 
toFF 
0 
30 
0 
40 
ns 
(Note6) 


Page cycle time 
tpc 
120 
145 
ns 


Access time from RAS 
tRAC 
120 
150 
nc 
(Notes 2,4) 


Row address hold time 
tRAH 
15 
20 
ns 


RAS pulse width 
tRAS 
120 
10,000 
150 
10,000 
ns 


Random read or write cycle time 
tRC 
220 
270 
ns 


RAS to CAS delay time 
tRCO 
25 
60 
30 
75 
ns 
(Note 4) 


Read command 
hold time after CAS high 
tRCH 
0 
0 
ns 
(Note 9) 


Read command 
setup time 
tRCS 
0 
0 
ns 


OT low hold time after RAS low 
tROH 
100 
130 
ns 


(serial port active) 


Refresh interval 
tREF 
4 
4 
ms 


RAS precharge 
time 
tRP 
90 
100 
ns 


RAS high to CAS low precharge 
time 
tRPc 
0 
0 
ns 


Read command 
hold after RAS high 
tRRH 
20 
20 
ns 
(Note 9) 


RAS hold time 
tRSH 
60 
75 
ns 
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Symbol 


tAWC 


tAWD 


tRWL 


tSCH 


tsCA 


tscc 


tSCL 


tSDD 


tSDH 


tsoA 


tSOE 


tSOH 


tsoo 


tsop 


tSOl 
tr 


twBH 


tWBS 


twCH 


twCR 


twcs 


twH 


twp 


tws 


Parameter 


Read-write/read-modify-write 
cycle time 


RAS to WE delay 


Write command to RAS lead time 


SC pulse width 


Serial output access time from SC 


Serial clock cycle time 


SC precharge time 


SC high to DT high delay 


SC low hold time after DT high 


Serial output access time from SOE 


SOE pulse width 


Serial output hold time after SC high 


SOE low to serial output setup delay 


SOE precharge time 


Serial output disable time from SOE high 


Rise and fall transition 
time 


Write-per-bit hold time 


Write-per-bit setup time 


Write command hold time 


Write command hold time after RAS low 


Write command setup time 


Write bit selection hold time 


Write command pulse width 


Write bit selection setup time 


Notes: 


(1) See inpuVoutput 
timing waveforms for timing 
reference volt- 
ages. 


(2) See figures 1 and 2 for output loads. 


(3) An initial pause of 100jJs is required after power-up, followed by 
any eight RAS cycles (except CAS-before-RAS cycles), before 
proper device operation is achieved. 


(4) Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. The tRCD(max) limit is specified as a reference point 
only. If tRCDis greater than the specified tRCD(max) limit, access 
time is controlled exclusively by tCAC' 


(5) Assumes that tRCD 2: tRCD (max). 


(6) An output 
disable time defines the time at which the output 
achieves the open-circuit 
condition 
and is not referenced to 
output voltage levels. 


(7) Data in the serial output register remains valid for 4 ms (min) 


after a data transfer cycle. 


(B) VIH (min) and VIL (min) are reference levels for measuring the 
timing of input signals. Additionally, 
transition 
times are mea- 
sured between VIH and VIL. 


"PD41264-12 


Mln 
Max 


300 


160 


40 


10 


"PD41264-15 


Min 
Max 


40 


50,000 


60 


50,000 


(9) Either tRRHor tRCH must be satisfied for a read cycle. 


(10) twcs, tCWD, and tAWD are restrictive 
operating 
parameters in 


read-write and read-modify-write 
cycles only. ~ twcs 
2: twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If teWD 2: teWD 
(min) and tAWD2:tAWD(min), the cycle is a read-write cycle and 
the data output will contain data read from the selected cell. ~ 
neither of the above conditions is met, the condition of the data 
output (at access time and until CAS returns to VIH) is indeter- 
minate. 


(11) These parameters are referenced to the fall~e~ 
of CAS in 
early write cycles and to the falling edge of ryvS/)WE in delayed 
write or read-modify-write cycles. 


(12) Use tRDH and teDH when the serial port is active and tRDH1' 


tRSD,teSD and tssc if it is in standby. 


(13) SOE may be tied to GND if the output enable function of the 
serial port is not needed. 
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Output Timing 
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Timing Waveforms 
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Timing Waveforms (cant) 


Late Write Cycle 
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Timing Waveforms 
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Read-Write/Read-Modify-Write 
Cycle 
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Timing Waveforms (cant) 
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Timing Waveforms 
(cant) 
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Page Read Cycle 
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Timing Waveforms (cent) 


Page Early Write Cycle 
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Timing Waveforms (cont) 


Page Read-Modify-Write 
Cycle 


-------tpc 


lCAS 
II 


IIPD41264 
NEe 


Timing Waveforms 
(cont) 


Data Transfer Cycle (Serial Port in Standby) 
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Timing Waveforms (cont) 


Data Transfer Cycle (Serial Port Active) 
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Timing Waveforms (cont) 


Serial Read Cycle 
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NEe Electronics Inc. 
IJPD42264 


Dual-Port Graphics Buffer 


Description 


The I4PD42264is a dual-port graphics buffer equipped 
with a 64K x 4-bit random access port and a 256 x 4-bit 
serial read port. The serial read port is connected to an 
internal1024-bit data register through a 256 x 4-bit serial 
read output circuit. The random access port is used by 
the host CPU to read or write data addressed in any 
desired order and has a write-per-bit option that allows 
each of the four data bits to be individually selected or 
masked for a write cycle. 


The I4PD42264features fully asynchronous dual access, 
except when transferring stored graphics data from a 
selected row of the storage array to the data register. 
During a data transfer, the random access port requires 
a special timing cycle using a transfer clock, while the 
serial read port continues to operate normally. Following 
the clock transition of a data transfer, serial read output 
data changes from an old line to a new line and the 
starting location on the new line is addressable in the 
data transfer cycle. 


The I4PD42264is fabricated with CMOStechnology that 
provides high storage cell density, high performance, 
and high 
reliability. 
Refreshing is accomplished 
by 


means of RAS-only refresh cycles or by normal read or 
write cycles on the 256 address combinations of Ao 
through A7 during a 4-ms period. Automatic internal 
refreshing, by means of either hidden refreshing or the 
CAS before RAS timing and on-chip internal refresh 
circuitry, is also available. The transfer of a row of data 
from the storage array to the data register also refreshes 
that row automatically. 


All 
inputs and outputs, 
including 
clocks, 
are TTL- 


compatible. All address and data-in signals are latched 
on-Chipto simplify system design. Data-out is unlatched 
to allow greater system flexibility. The I4PD42264 is 
available in a 24-pin plastic DIP,24-pin plastic SOJ, and 
24-pin plastic ZIP,and is guaranteed for operation at 0 to 
+70·C. 


Row Access 
Serial 
Access 


Part Number 
Time (max) 
Time (max) 
Package 


"PD42264C-10 
100 ns 
25 ns 
24-pin plastic DIP 


"PD42264LA-10 
100 ns 
25 ns 
24-pin plastic SOJ 


"PD42264V-10 
100 ns 
25 ns 
24-pin plastic ZIP 


o Three functional blocks 
- 64K x 4-bit random access storage array 
- 
1024-bitdata register 


- 256 x 4-bit serial read output circuit 


o Two data ports: random access and serial read 
o Dual-port accessibility except during data transfer 
o Addressable start of serial read operation 
o Real-time data transfer 
o Single +5-volt ± 10%power supply 
o On-chip substrate bias generator 
o Random access port 
- Two main clocks: RASand CAS 
- 
Multiplexed address inputs 
- 
Direct connection of I/O and address lines 
allowed by OEto simplify system design 
- 
Refresh interval: 256 cycles/4 ms 
- 
Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and page mode 
capabilities 


- Automatic internal refreshing by means of the 


CAS before RASon-chip address counter 


- 
Hidden refreshing by means of CAS-controlled 
output 
- Write-per-bit capability 
- Write bit selection multiplexed on 100-103 


o RAS-activated data transfer 


- 
Same cycle time as for random access 


- 
Row data transferred to data register as specified 
by row address inputs 


- 
Starting location of following serial read 
operation specified by column address inputs 


- Transfer of 1024bits of data on one row to the 


data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 
- 
Data transfer during real-time operation or 
standby of serial port 


o Fast serial read operation by means of SC pins 


- Serial data presented on SOO-S03 
- 
Direct connection of multiple serial outputs for 
extension of data length 


o Fully TTL-compatible inputs, outputs, and clocks 
o Three-state outputs for random and serial access 
o 24-pin plastic DIP,24-pin plastic SOJ, and 24-pin 


plastic ZIP packaging 
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sc 


sOo 
so, 


DT/OE 


Wa/1oa 
W,1I0, 
WBIWE 


RAS 


AS 
AS 


A4 


Vcc 


GND 


S03 


S02 
SOE 


W3"03 
W2/102 


CAS 
Aa 
A, 


A2 


A3 


A7 


W2"02 
SOE 
S03 
SC 
SO, 
Wa/IOa 
WBIWE 
AS 


A4 


A7 


A2 
Aa 
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3 :::::" 
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.:; ~ ~~ 
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Symbol 


Ao -A7 


CAS 


m/ITE 
~ 
SC 


SOa - 503 


SOl: 


WailOa - W3fl03 


GND 


WB/WE 


Vcc 


Address inputs 


Column address strobe 


Data transfer/output 
enable 


Row address strobe 


Serial control 


Serial read outputs 


Serial output 
enable 


Write-per-bit 
inputs/data 
inputs and outputs 


Ground 


Write-per-biVwrite 
enable 


+5-volt 
10% power supply 


Absolute Maximum Ratings 


Voltage on any pin except Vcc 
relative to GND, 
-1.0 
to +7.0 V 


VA1 


Voltage on Vcc 
relative to GND, VA2 
-1.0V 
to +7.0 V 


Operating 
temperature, 
TOPA 
0 to +70°C 


Storage temperature, 
TSTG 
- 55 to + 125°C 


Short-circuit 
output current, 
los 
50 mA 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


Capacitance 
TA = 0 to +70°C; vcc 
= 


Parameter 


+5.0 V :!:10%; f = 1 MHz 


Symbol 
Max 
Unit 
Pins Under Test 


CI(A) 
5 
pF 
Ao-A7 


CI(DTiOE) 
8 
pF 
DT/OE 


CI(WB/WE) 
8 
pF 
WB/WE 


C1(AAS) 
8 
pF 
~ 


C1(CAS) 
8 
pF 
CAS 


C1(SOE) 
8 
pF 
SOl: 


CI(SC) 
8 
pF 
SC 


CIO(W~O) 
7 
pF 
WailOa - W3I103 


Co (SO) 
7 
pF 
SOa- S03 


InpuVoutput 
capacitance 


Output 
capacitance 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, high 
V1H 
2.4 
5.5 
V 


Input voltage, low 
VIL 
-1.0 
0.8 
V 


Operating 
temperature 
TA 
0 
70 
°C 


ttiEC 


vcc_ 
GND_ 


The /4PD42264consists of a random access port and a 
serial read port. The random access port executes 
standard read and write cycles as well as data transfer 
cycles, all of which are based on conventional RAS/CAS 
timing. In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously through a 
transfer gate to the corresponding register location. The 
serial read port shows the contents of the data register in 
serial order.The random access port and the serial read 
port 
can operate asynchronously, except when the 


transfer gate isturned on during the data transfer period. 


Addressing 


The storage array is arranged in a 256-row by 1024- 
column matrix. Each of 4 data bits in the random access 
port corresponds to 65,536 storage cells. Therefore, 16 


sc-E] 


address bits are required to decode one cell location. 
Eight row address bits are set up on pins Ao through A7 
and latched onto the chip by RAS.Eight column address 
bits then are set up on pins Ao through A7 and latched 
onto the chip by CAS. All addresses must be stable, on 
or before the falling edges of RASand CAS. 


RAS is similar to a chip enable signal; whenever it is 
activated, 1024 cells on the selected row are sensed 
simultaneously and the sense amplifiers automatically 
restore the data. CAS serves as a chip selection signal to 
activate the column decoder and the input and output 
buffers. 


Through 1 of 256 column decoders, 4 storage cells on 
the row are connected to 4 data buses, respectively. In 
the data transfer cycle, 8 row address bits are used to 
select 1 of the 256 possible rows involved in the transfer 
of data to the data register.Eight column address bits are 
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then used to select the 1 of 256 possible serial decoders 
that corresponds to the starting location of the next 
serial read cycle. In the serial read port, when SC is 
activated, 4 data bits in the 1024-bit data register are 
transferred to 4 serial data buses and read out. Activat- 
ing SC repeatedly causes a serial read cycle (starting 
from the location specified in the data transfer cycle) to 
be executed within the 1024bits in the data register. 


An operation in the random access port begins with a 
negative transition 
of RAS. Both RAS and CAS have 
minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. To reduce 
the number of pins, the following functions are multi- 
plexed in the random access port: 


• 
DT/OE 


• WB/WE 
• WJIOj (i = 0, 1,2,3) 


The OE, WE and 10jfunctions represent standard oper- 
ations while DT, WB, and Wi are special inputs to be 
applied in the same way as row address inputs, with 
setup and hold times referenced to the negative transi- 
tion of RAS.The DT level determines whether a cycle is a 
random access operation or a data transfer operation. 
WB affects only write cycles and determines whether or 
not the write-per-bit option is used. Wi defines data bits 
to be written with the write-per-bit 
capability. In the 


following discussions, these multiplexed pins are desig- 
nated as DT(/OE), for example, depending on the func- 
tion being described. 


To use the I£PD42264for random access, DT(lOE) must 
be high as RASfalls. Holding DT(lOE) high disconnects 
the 1024-bit data register from the corresponding 1024- 
digit lines of the storage array. Conversely,to execute a 
data transfer, DT(/OE) must be low as RASfalls to open 
the 1024data transfer gates and transfer data from oneof 
the rows to the data register. 


Read Cycle. A read cycle is executed by activating RAS, 
CAS, and OE and maintaining (WB/)WE high whi Ie CAS 
is active. The (Wj/)IOjdata pin (i = 0, 1, 2, 3) remains in 
high impedance until valid data appears at the output at 
access time. 
Device access time, tACC, will 
be the 


longest of the following three calculated intervals: 


• tRAC 
• 
RASto CAS delay (tRCD)+ tCAC 


• 
RASto OE delay + tOEA 


Access times from RAS (tRAcl, from CAS (tCAcl, and 
from OE (tOEN are device parameters. The RASto CAS 
and RAS to OE delays are system-dependent timing 
parameters. 


Output becomes valid after the access time has elapsed 
and it remains valid while both CAS and OEare low. CAS 
or OE high returns the output to high impedance. 


Write Cycle. A write cycle is executed 
by bringing 


(WB/)WElow during the RAS/CAScycle. The falling edge 
of CAS or (WB/)WEstrobes the data on (WJ)IOjinto the 
on-chip data latch. To make use of the write-per-bit 
capability, WB(/WE) must be low as RAS falls. In this 
case, data bits targeted for write operation 
can be 


specified by keeping Wj(lIOj) high, with setup and hold 
times referenced to the negative transition of RAS. 


For those data bits of Wj(lIOj) that are kept low as RAS 
falls, write operation is inhibited on the chip. If WB(/WE) 
is high as RASfalls, the write-per-bit option is not used 
and a write cycle is executed for all four data bits. 


Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS. Data is strobed by 
CAS,with setup and hold times referencedto this signal, 
and the output remains in high impedance for the entire 
cycle. As RAS falls, (DT/)OEmust meet the setup and 
hold times of a high DT,but otherwise (DT/)OEdoes not 
affect any circuit operation while CAS is active. 


Read-Write/Read-Modify-Write 
Cycle. 
Bringing 
the 


(WB/)WEsignal low with RASand CAS low executes this 
cycle. (WJ)IOishows read data at access time. Afterward, 
in preparation for the upcoming write cycle, (WJ)IOj is 
returned to high impedance by a high (DT/)OE.The data 
to bewritten is strobed by (WB/)WE,with setup and hold 
times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of (DT/)OE,which can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 256 row addresses 
(Aothrough A7)will refresh all storage cells. Any cycle in 
the random access port (i.e., read, write, refresh, or data 
transfer) refreshes the 1024 bits selected by the RAS 
addresses or by the on-chip refresh address counter. 


RAS-only 
Refresh 
Cycle. A cycle having only RAS 


active refreshes one row of the storage array.A high CAS 
is maintained while RAS is active to keep (WJ)IOj in a 
state of high impedance. This cycle is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data out- 
puts may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 
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DC Characteristics 
TA = 0 to +70·C; vcc = 5.0 V :;:10% 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


Input leakage current 
III 
-10 
10 
p.A 
V1N = 0 to 5.5 V; all other pins not under test = 0 V 


Output 
leakage current 
IOl 
-10 
10 
p.A 
DOUT 
(IOJ,SO;) disabled; 
VOUT = 0 to 5.5 V 


Random access port output voltage, high 
VOH(R) 
2.4 
V 
IOH(R) = -2 mA 


Random access port output voltage, low 
VOl(R) 
0.4 
V 
IOl(R) 
= 4.2 mA 


Serial read port output 
voltage, high 
VOH(S) 
2.4 
V 
IOH(S) = -2 mA 


Serial read port output voltage, low 
VOl(S) 
0.4 
V 
IOL(S) = 4.2 mA 


CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RAS falls, this circuitry auto- 
matically refreshes the row addresses specified by the 
internal address counter. In this cycle, the circuit opera- 
tion based on CAS is maintained in a reset state. When 
internal refreshing is complete, the address counter 
automatically increments in preparation for the next CAS 
before RAS cycle. 


Hidden Refresh Cycle. This function performs hidden 
refreshing after a read cycle, without disturbing the read 
data output. Once valid, the data output is controlled by 
CAS and OE.After the read cycle, CAS is held low while 
RASgoes high for precharging. A RAS-only cycle is then 
executed (except that CAS is held low instead of high) 
and the data output remains valid. Since hidden refresh- 
ing is the same as CAS before RAS refreshing, the data 
output remains valid during either operation. 


Fast-Page Cycle.This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. By main- 
taining RAS low while successive CAS cycles are exe- 
cuted, data is transferred at a faster rate because RAS 
addresses are maintained internally and do not have to 
be reapplied. During this operation, it is also possible to 
execute read, write and read-write/read-modify-write cy- 
cles. Additionally, the write-per-bit control specified in 
the entry write cycle is maintained through the following 
fast-page write cycle. 


Data Transfer Cycle. A data transfer cycle is executed 
by bringing DT(lOE) low as RASfalls. The specified 1 of 
the possible 256 rows involved in the data transfer, as 
well as the starting location of the following serial read 
cycle in the serial read port, are defined by address 
inputs. DT(/OE) must be low for a specified time, mea- 


sured from RAS and, CAS, so that the data transfer 
condition may be satisfied. The low-to-high transition of 
DT causes two transfer operations through the data 
transfer gates: column address buffer outputs are trans- 
ferred to the serial address counters, and storage cell 
data amplified on digit lines is transferred to the data 
register.At least one SC cycle is required to hold the data 
in the register. Otherwise, the beginning of the next 
transfer cycle destroys the newly transferred data. RAS 
and CAS must be low during these operations to keep 
the transferred data in the random access port. 


The serial read port is used only to read serially the 
contents of the data register starting from a specified 
location. The entire operation, therefore, follows a data 
transfer cycle. Data stored in the serial register remains 
valid for a minimum of 4 ms after the transfer cycle. The 
only condition under which the serial read port must 
synchronize with the random access port is when the 
positive transition of DT(lOE) must occur within a spec- 
ified period in an SC cycle. Except for this SC cycle. the 
serial read port can operate asynchronously with the 
random access port. The output data appears at SOi 
after an access time of tSCA,measured from SC high, 
only when SOE is maintained low. The SC cycle that 
includes the positive transition of DT(lOE) shows old 
data in the data register; subsequent SC cycles show 
newdata transferred to the data register serially and in a 
looped manner.The serial output is maintained until the 
next SC signal is activated. SOEcontrols the impedance 
of the serial output to allow multiplexing of more than 
one bank of JLPD42264graphics buffers into the same 
external circuitry. When SOE is low, SO; is enabled and 
the proper data is read. When SOE is at a high logic level, 
SO; is disabled and in a state of high impedance. 
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Power Supply 
Current 
TA = 0 to +70'C; 
VCC = +5.0 V ±10% 


Random Access 
Port 
Serial 
Read Port 
Symbol 
Max 
Unit 
Test Conditions 


Read/Write cycle 
Standby 
ICC1 
70 
mA 
RAS and CAS cycling; tRC = tRC min; 10 = 0 mA; 
SC = SOE = V1H(Note 1) 


Standby 
Standby 
ICC2 
5 
mA 
RAS = VIH; Dour 
= high impedance; 


SC = SOE = VIH 


RAS-only refresh cycle 
Standby 
ICC3 
60 
mA 
RAS cycling; CAS = VIH; IRc = tRC min; 
SC = SOE = VIH 


Page cycle 
Standby 
ICC4 
50 
mA 
RAS = V1L;CAS cycling; tpc = tpc min; 
SC = SOE = VIH (Note t) 


CAS before RAS refresh cycle 
Standby 
Iccs 
60 
mA 
CAS low as RAS falls; tRC = tRC min; 
SC = SOE = V1H(Note 1) 


Data transfer 
Standby 
Icce 
75 
mA 
DT low as RAS falls; tRC = tRC min; 
SC = SOE = V1H 


Read/write cycle 
Active 
ICC7 
120 
mA 
RAS and CAS cycling; tRC = tRC min; 10 = 0 mA; 
SOE = V1L;SC cycling; tscc 
= tscc 
min (Note 1) 


Standby 
Active 
Iccs 
50 
mA 
RAS = V1H;Dour 
= high impedance; 
SOE = V1L; 


SC cycling; !scc 
= tscc 
min (Note 1) 


RAS-only refresh cycle 
Active 
ICCg 
1tO 
mA 
RAS cycling; CAS = VIH; tRC = tRC min; SOE = V1L; 
SC cycling; tscc 
= tscc 
min (Note 1) 


Page cycle 
Active 
IcC10 
tOO 
mA 
RAS = V1L;CAS cycling; tpc = tpc min; SOE = V1L; 
SC cycling; !scc 
= !scc 
min (Note 1) 


CAS before RAS refresh cycle 
Active 
ICCl1 
110 
mA 
CAS low as RAS 1alls; tRC = tRC min; SOE = VIL; 
SC cycling; tscc 
= tscc 
min (Note 1) 


Data transfer 
Active 
ICC12 
125 
mA 
DT low as RAS falls; tRc = tRc min; SOE = V1L; 
SC cycling; !scc 
= tscc 
min (Note 1) 


Notes: 


(1) No load on 101or SOl' Except for ICC2' ICC3' and Icce, real values 
depend on output 
loading and cycle rates. 


AC Characteristics 
TA = 0 to +70'C; 
Vcc 
= +5.0 V±10% 


Parameter 
Symbol 
Mln 
Typ 


Column address hold time after RAS low 
tAR 
70 


Column address setup time 
tASC 
0 


Row address setup time 
tASR 
0 


Access time from CAS 
teAe 


Column address hold time 
teAH 
20 


CAS pulse width 
teAS 
50 


DT iow hold time after RAS low 
teOH 
30 


CAS before RAS refresh hold time 
teHR 
20 


CAS precharge time (page cycle only) 
tep 
40 


CAS precharge time (non page cycle) 
tePN 
20 


CAS high to RAS low precharge time 
teRP 
10 


SC delay time from CAS 
teSD 
45 


CAS hold time 
teSH 
100 


~ 
before RAS refresh setup time 
teSR 
10 
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10,000 
ns 


ns 
(Note 12) 
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AC Characteristics 
(cent) 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


"C/iS to WE delay 
leWD 
85 
ns 
(Note 10) 


Write command 
to "C7'S lead time 
leWL 
35 
ns 


Data-in hold time 
loH 
30 
ns 
(Note 11) 


DT high hold time 
loHH 
15 
ns 


Data-in hold time after RAS low 
loHR 
80 
ns 


DT high setup time 
loHS 
a 
ns 


DT low setup time 
tDLS 
a 
ns 


Data-in setup time 
los 
a 
ns 
(Note 11) 
II 


DT high to "C7'S high delay 
loTC 
10 
ns 


DT high hold time after RAS high 
tDTH 
15 
ns 


DT high to RAS high delay 
tDTR 
10 
ns 


OE pulse width 
toE 
25 
ns 


Access time from OE 
toEA 
25 
ns 
(Note 2) 


OE to data-in setup delay 
toED 
25 
ns 


OE hold time after WE low 
tOEH 
10 
ns 


OE to RAS inactive setup time 
toES 
10 
ns 


Output 
disable time from OE high 
toEZ 
a 
25 
ns 
(Note 6) 


Output 
disable time from "C/iS high 
toFF 
a 
25 
ns 
(Note 6) 


Page cycle time 
tpc 
100 
ns 


Access time from RAS 
!RAe 
100 
nc 
(Notes 2, 4) 


Row address hold time 
!RAH 
15 
ns 


RAS pulse width 
!RAS 
100 
10,000 
ns 


Random read or write cycle time 
!Rc 
190 
ns 


RAS to CAS delay time 
tRcD 
25 
50 
ns 
(Note 4) 


Read command 
hold time after CAS high 
!RCH 
a 
ns 
(Note 9) 


Read command 
setup time 
!Rcs 
a 
ns 


DT low hold time after RAS low 
tRDH 
80 
ns 
(Note 12) 
(serial port active) 


DT low hold time after RAS low 
tRDH1 
15 
ns 
(Note 12) 


(serial port in standby) 


Refresh interval 
tREF 
4 
ms 


RAS precharge time 
tRP 
80 
ns 


RAS high to CAS low precharge time 
tRPc 
a 
ns 


Read command 
hold after RAS high 
tRRH 
10 
ns 
(Note 9) 


SC delay from RAS 
tRSD 
95 
ns 
(Note 12) 


RAS hold time 
tRSH 
50 
ns 


Read-write/read-modify-write 
cycle time 
tRWC 
260 
ns 


RAS to WE delay 
1RWD 
135 
ns 
(Note 10) 


Write command 
to RAS lead time 
tRWL 
35 
ns 


SC pulse width 
tSCH 
10 
ns 


Serial output 
access time from SC 
tSCA 
30 
ns 
(Notes 2, 7) 


Serial clock cycle time 
tscc 
30 
50,000 
ns 
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AC Characteristics 
(cont) 


Parameter 
Symbol 
Min 
Typ 


SC precharge time 
tSCL 
10 


SC high to DT high delay 
tsDD 
10 


SC low hold time after DT high 
15DH 
10 


Serial output 
access time from SOE 
150A 


SOE pulse width 
tSOE 
10 


Serial output 
hold time after SC high 
tSOH 
5 


SOE low to serial output setup delay 
1500 
5 


SOE precharge time 
tsop 
10 


Serial output 
disable time from SOE high 
tsoz 
0 


SC setup time to CAS 
tssc 
10 


Rise and fall transition 
time 
tT 
3 


Write-per-bit 
hold time 
tWBH 
15 


Write-per-bit 
setup time 
tWBS 
0 


Write command 
hold time 
tWCH 
25 


Write command 
hold time after AAS" low 
tWCR 
75 


Write command 
setup time 
twcs 
0 


Write bit selection 
hold time 
tWH 
15 


Write command 
pulse width 
twP 


Write bit selection 
setup time 
tws 
0 


Notes: 


t't{EC 


25 
ns 


ns 
(Note 13) 


(Note 13) 


(Note 6) 


(Note 12) 
ns 


50 
ns 


(1) See input/output 
timing waveforms for timing reference voltages. 


(2) See figures 
1 and 2 for output 
loads. 


(3) An initial pause of 100 /,S is required after power-up. followed by 
any eight RAS cycles 
(except CAS-before-RAS 
cycles). 
before 
proper device operation 
is achieved. 


(4) 
Operation 
within 
the tRCD (max) limit ensures that tRAG (max) 
can be met. The ~CD (max) limit is specified as a reference point 
only. IftRcD is greater than the specified tRCD (max) limit. access 
time is controlled 
exclusively 
by leAC' 


(5) Assumes that tRCD " 
tRCD (max). 


(6) An output 
disable 
time defines 
the time at which 
the output 
achieves 
the open-circuit 
condition 
and is not referenced 
to 
output voltage levels. 


(7) Data in the serial output 
register 
remains valid for 4 ms (min) 
after a data transfer cycle. 


(8) V1H (min) and V1L (min) are reference levels for measuring 
the 
timing 
of input signals. 
Additionally, 
transition 
times are mea- 
sured between V1Hand V1L. 


(9) 
Either tRRH or tRCH must be satisfied 
for a read cycle. 


(10) twcs. 
lewo. 
and tRWO are restrictive 
operating 
parameters 
in 


read-write 
and read-modify-write 
cycles only. If 1wcs 
" 
1wcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit 
throughout 
the entire cycle. If lewo 
" 
leWD 
(min) and ~wo 
"tRWD (min), the cycle is a read-write cycle and 
the data output will contain 
data read from the selected cell. If 
neither of the above conditions 
is met, the condition 
of the data 
output 
(at access time and until CAS returns to V1H!is indeter- 


minate. 


(11) These parameters 
are referenced to the falli~e~ 
of CAS in 
early write cycles and to the falling 
edge of rNBI)WE in delayed 
write or read-modify-write 
cycles. 


(12) UsetRDH and leDH when the serial port is active and tRDH1' tRSD, 


lesD and tssc 
if it is in standby. 


(13) SOE may be tied to GND if the output 
enable function 
of the 
serial port is not needed. 
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Timing Waveforms 
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Timing Waveforms 
(cont) 
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Timing Waveforms (cont) 


Read-WritelRead-Modify-Write 
Cycle 


IRSH 


tCAS 


~1·•.----tRAC 


II 


ttiEC 
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Timing Waveforms (cant) 
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Timing Waveforms (cant) 


Page Late Write Cycle 
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Timing Waveforms (cont) 


Page Read-Modify-Write Cycle 
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Timing Waveforms 
(cant) 


Data Transfer Cycle (Serial Port in Standby) 
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pPD42273 


Dual-Port Graphics Buffer 


Description 


The pPD42273 is a dual-port graphics buffer equipped 
with a 256Kx 4-bit random access port and a 512x 4-bit 
serial read port. The serial read port is connected to an 
internal 2048-bit data register through 
a 512 x 4-bit 


serial read output circuit. The random access port is 
used by the host CPUto read or write data addressed in 
any desired order. A write-per-bit 
capability 
allows 


each of the four data bits to be individually selected or 
masked for a write cycle. 


The pPD42273 features fully asynchronous 
dual ac- 


cess, except when transferring 
stored graphics data 


from a selected row of the storage array to the data 
register. During a data transfer, the random access port 
requires a special timing cycle using a transfer clock; 
the serial read port continues 
to operate 
normally. 
Following the clock transition 
of a data transfer, serial 


output data changes from an old line to a new line and 
the starting location on the new line is addressable in 
the data transfer cycle. 


An advanced CMOS silicon-gate 
process using poly- 


cide technology 
and trench capacitors 
provides high 


storage cell density, high performance, 
and high reli- 


ability. 


Refreshing is accomplished 
by means of RAS-only 


refresh cycles or by normal read or write cycles on the 
512 address combinations 
of Ao through As during an 


8-ms period. Automatic internal refreshing, by means 
of either hidden refreshing or the CAS before RAS 
timing and on-chip internal 
refresh circuitry, 
is also 


available. The transfer of a row of data from the storage 
array to the data register also refreshes that row auto- 
matically. 


The pPD42273 is an alternative to the pPD42274 for 
applications that do not require the flash write function. 


All inputs 
and outputs, 
including 
clocks, are TTL- 


compatible. All address and data-in signals are latched 
on-chip to simplify 
system 
design. Data-out 
is un- 


latched to allow greater system flexibility. 


The pPD42273 is available in a 28-pin plastic ZIP or 
28-pin plastic SOJ and is guaranteed for operation at 0 
to + 70°C. 


o Three functional blocks 
- 
256K x 4-bit random access storage array 


-2048-bit 
data register 
- 
512 x 4-bit serial read output circuit 
o Two data ports: random access and serial read 
o Dual-port accessibility except during data transfer 
o Addressable start of serial read operation 
o Real-time data transfer 
o Single + 5-volt ± 10%power supply 
o On-chip substrate bias generator 
o Random access port 
- 
Two main clocks: RAS and CAS 
- 
Multiplexed address inputs 
- 
Direct connection of I/O and address lines 
allowed by OE to simplify system design 


-512 
refresh cycles every 8 ms 
- 
Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and fast-page 
cycles 
- 
Automatic internal refreshing by means of the 
CAS before RASon-chip address counter 


- 
CAS-controlled hidden refreshing 
- 
Write-per-bit option regarding four I/O bits 


- 
Write bit selection multiplexed on 100-103 


o RAS-activated data transfer 
- 
Same cycle time as for random access 


- 
Row data transferred to data register as 
specified by row address inputs 
-Starting 
location of following serial read cycle 


specified by column address inputs 


- 
Transfer of 2048 bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 
- 
Data transfer during real-time operation or 
standby of serial port 
o Fast serial read operation by means of SC pins 
o Serial data output on SOO-S03 
o Direct connection of multiple serial outputs for 


extension of data length 


o Fully TTL-compatible inputs, outputs, and clocks 
o Three-state outputs for random and serial access 
o CMOS silicon-gate process with trench capacitors 


II 
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Pin Configurations 


28-Pin Plastic SOJ 


SC 


500 


501 
DTIOE 


WO'IOO 
Wl'101 


WBIWE 


NC 


RAS 
Aa 


A6 
AS 


A4 


Vcc 


GNO 


503 


502 


SOE 


W3'I03 


W2'I02 


NC 


CAS 


NC 


Ao 


Al 


A2 


A3 


A7 


NC 
, 
":, -•• 2 
W2'I02 
W3'I03 
3 '" 
... 


S02 
5 ,,:';" 4 
SOE 


GNO 
7"~:" 
6 
5°3 
500 
9 ,,;':" a 
SC 
DT/OE 
",,: 
10 SO, 
W,1I0, 
'3 
,,:'" 
12 
WO"OO 
NC 
'5 
,,: ,,: 
14 
WBIWE 
~: ~~~~~~ 
~~;~:::S 
, " 
20 A4 
Vcc 
2' 
"', _" 22 A7 
A3 
23 "', ;,: 24 A 
Al 
25 
,,: 
2 
NC 27 ,,:''': 
26 ~ 


,,,: 
2a CAS 


Symbol 


Ao-Aa 


Wo/lOo - W3IIOa 


RAS 


CAS 


WBtWE 


iSTi<5i: 


SOo-SOa 
SC 


S6E 


GND 


VCC 


NC 


Function 


Address inputs 


Write-per-bit 
selects/data 
inputs and outputs 


Row address strobe 


Column address strobe 


Write-per-biVwrite 
enable 


Data transfer/output 
enable 


Serial read outputs 


Serial control 


Serial output 
enable 


Ground 


+5-volt 
±10% power supply 


No connection 


Ordering Information 


Row Access 
Serial 
Access 


Part Number 
Time (max) 
Time (max) 
Package 


JlPD42273LE-l0 
100 ns 
30 ns 
28-pin 


LE-12 
120 ns 
40 ns 
plastic SOJ 


JlPD42273V-l0 
100 ns 
30 ns 
28-pin 


V-12 
120 ns 
40 ns 
plastic ZIP 


Voltage on any pin except VCC 
relative to GND, VR1 


Voltage on Vcc 
relative to GND, VR2 


Operating 
temperature, 
TOPR 


Storage temperalure, 
TSTG 


Short-circuit 
oulput 
current, 
105 


Power dissipation, 
Po 


-1.0to 
+7.0V 


-1.0to 
+7.0V 


Oto +70'C 


-55 to + 125'C 


50mA 


1.5W 


Exposure 
to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding 
the ralings 
could 
cause perma- 


nent 
damage. 
The device 
should 
be operated 
within 
the 
limits 


specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, 
high 
VIH 
2.4 
5.5 
V 


Input voltage, 
low 
VIL 
-1.0 
0.8 
V 


Ambient temperature 
TA 
0 
70 
'C 


Capacitance 
TA = 0 to +70'C; 
Vcc = +5.0 V ±10%; f = 1 MHz; GND = 0 V 


Parameter 
Symbol 
Limit 
(max) 
Unit 
Pins Under Test 


Input 
CI(A) 
5 
pF 
Ao through Aa 


capacitance 
-- 
CI(DT/OE) 
8 
pF 
DT/OE 


CI(WEi!WE> 
8 
pF 
WBtWE 


CI(RAs) 
8 
pF 
RAS 


CI(CAsl 
8' 
pF 
CAS 


C1(SOE) 
8 
pF 
S6E 


CI(SC) 
8 
pF 
SC 


Input/output 
CIO(W/IO) 
7 
pF 
Wo/lOo through 


capacitance 
W3IIOa 


pF 
SOo through 
SOa 


Output 
capacitance 
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Pin Functions 


Ao-As (Address Inputs). These pins are multiplexed as 
row and column address inputs. Each of four data bits 
in the random 
access port 
corresponds 
to 262,144 


storage cells, which means that nine row addresses 
and nine column addresses are required to decode one 
cell location. 
Nine row addresses are first 
used to 


select one of the 512 possible rows for a read, write, 
data transfer, or refresh cycle. Nine column addresses 
are then used to select the one of 512 possible column 
decoders for a read or write cycle or the one of 512 
possible starting 
locations 
for the next serial read 


cycle. (Column addresses are not required in RAS-only 
refresh or flash write cycles.) 


WoIIOo-W:J!103(Write-Per-Bit 
Inputs/Common 
Data 


Inputs and Outputs). 
Each of the four data bits can be 


individually latched by these inputs at the falling edge 
of RAS in a write cycle, and then updated at the next 
falling edge of RAS. In a read cycle, these pins serve as 
outputs for the selected storage cells. In a write cycle, 
data input onthese pins is latched bythefalling 
edge of 


CAS or WE. 


RAS (Row Address 
Strobe). This pin is functionally 


equivalent to a chip enable signal in that whenever it is 


Column Decoder 
W()'IOO 


W11101 


W2I102 
Sense 
Arrplifier. 


Wyl03 
2048 CoIs 
1 
S10rage 
a: 
Cell 
Asray 
N 
'" 
J 
II 


Transfer 
Gates 


500 


Oata 
Serial 
501 


Register 
Output 
502 
Buffer 


50:l 


Selector 
510 
511 


activated, the 2,048 storage cells of a selected row are 
sensed simultaneously 
and the sense amplifiers 
re- 


store all data. The nine row address bits are latched by 
this signal and must be stable on or before its falling 
edge. CAS, DT/OE and WB/WE are simultaneously 
latched to determine device operation. 


CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder 
and the input/output 
buffers. The nine column address 


bits are latched at the falling edge of CAS. 


WB/WE (Write-Per-Bit 
Control/Write 
Enable). At the 


falling edge of RASthe WB/WE input must be low and 
CAS and DT/OEhigh to enable the write- per-bit option. 
A high WB/WE can be used at the beginning 
of a 


standard write or read cycle. 


DT/OE (Data Transfer/Output 
Enable)~ 
the falling 


edge of RAS,CAS high and FWEand DT/OElow initiate 
a data transfer, regardless of the level of WB/WE. DT/OE 
high initiates conventional 
read or write cycles and 


controls the output buffer in the random access port. 


SOO-S03 (Serial Data Output). 
Four-bit data is read 


from these pins. Data remains valid until the next SC 
signal is activated. 
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SC (Serial Control). Repeatedly activating this signal 
causes serial read cycles (starting from the location 
specified 
in the data transfer cycle) to be executed 


within the 2,048 bits in the data register. The rising edge 
of SC activates serial read operation, in which four of 
the 2,048 data bits are transferred to four serial data 
buses, respectively, and read out. Whenever SC is low, 
the serjal port is in standby. 


SOE (Serial Output Enable). This signal controls the 
serial data output buffer. 


The pPD42273 consists of a random access port and a 
serial read port. The random access port executes 
standard read and write cycles as well as data transfer 
and flash write cycles, all of which are based on con- 
ventional RAS/CAS timing. 


In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously 
through a 


transfer gate to its corresponding register location. The 
serial read port shows the contents of the data register 
in serial order. The random access and serial read ports 
can operate asynchronously, except when the transfer 
gate is turned on during the data transfer period. 


Addressing 


The storage array is arranged in a 512-row by 2048- 
column 
matrix, 
whereby each of 4 data bits in the 


random access port corresponds to 262,144 storage 
cells and 18 address bits are required to decode one 
cell location. Nine row address bits are set up on pins 
Ao through As and latched onto the chip by RAS. Nine 
column address bits then are set up on pins Aothrough 
As and latched onto the chip by CAS. All addresses 
must be stable, on or before the falling edges of RAS 
and CAS. Whenever RAS is activated, 2048 cells on the 
selected row are sensed simultaneously and the sense 
amplifiers automatically 
restore the data. CAS serves 


as a chip selection signal to activate the column de- 
coder and the input and output buffers. 


Through 1 of 512 column decoders, 4 storage cells on 
the row are connected to 4 data buses, respectively. In 
a data transfer cycle, 9 row address bits are used to 
select 1 of the 512 possible rows involved in the transfer 
of data to the data register. Nine column address bits 
are then used to select the 1 of 512 possible serial 
decoders that corresponds to the starting location of 
the next serial read cycle. In the serial read port, when 
SC is activated, 4 data bits in the 2048-bit data register 
are transferred 
to 4 serial data buses and read out. 


Activating 
SC repeatedly 
causes serial read cycles 


(starting from the location specified in the data transfer 
cycle) to be executed within the 2048 bits in the data 
register. 


An operation in the random access port begins with a 
negative transition 
of RAS. Both RAS and CAS have 


minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, 
including 
minimum cycle time. To re- 


duce the number of pins, the following are multiplexed. 


• DT/OE 
• WB/WE 
• WI10i (i = 0, 1,2,3) 


OE, WE and 10i represent standard operations, 
while 


D1;WB, and Wi are special inputs to be applied in the 
same way as row address inputs, with setup and hold 
times referenced to the negative transition 
of RAS. 


The level of DT determines whether a cEe is a random 
access or data transfer 
operation. 
WB affects only 


write cycles and determines whether or not the write- 
per-bit capability 
is used. Wi defines data bits to be 


written with the write-per-bit 
option. In the following 


discussions, these multiplexed pins are designated as 
DT(lOE),for example, depending on the function being 
described. 


To use the pPD42273 for random access, DT(lOE) must 
be high as RASfalls to disconnect the 2048-bit register 
from the corresponding 2048-digit lines of the storage 
array. Convers~o 
execute a data transfer, DT(lOE) 


must be low as RASfalls to open the 2048transfer gates 
and transfer data from one of the rows to the register. 


Truth Table for the Random Access Port 


CAS 
Of/DE 
WBtWE 
Cycle 


H 
H 
H 
Read or write (Note 1) 


H 
H 
L 
Mask write (Note 2) 


H 
L 
X 
Read data transfer (Note 3) 


L 
X 
X 
CAS before RAS refresh (Note 4) 


Notes: 


(1) Initiates a normal read or write cycle and disables the write-per- 


bit capability. 


(2) Enables individual bits to be selected or masked for a write cycle. 


Four-bit masked data is latched at the falling 
edge of RAS and 


reset at the rising edge of RAS. 


(3) Initiates a read data transfer cycle. 


(4) Initiates a CAS before RAS refresh cycle. As RAS falls, WB/WE 


and D170E = don't care. 


(5) X = don't care. 
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Read Cycle. A read cycle is executed ~ 
activating 


RAS, CAS, and OE and by maintaining (yVB/)WEwhile 
CAS is active. The (yV;/)IOjpin (i = 0, 1, 2, 3) remains in 
high impedance until valid data appears at the output 
at access time. Device access time, tACC,will be the 
longest of the following four calculated intervals: 


• tRAC 
• RASto ±CAS delay (tRCO)+ tCAC 
• RASto column address delay (tRAO)+ tAA 
• RASto OE delay + tOEA 


Access times from RAS (tRAd, from CAS (tcAd, 
from 


the column addresses (tM>, and from OE (tOEN are 
device parameters. The RAS-to-CAS, RAS-to-column 
address, and RAS-to-OE delays are system-dependent 
timing 
parameters. 
Output 
becomes valid after the 


access time has elapsed and it remains valid while both 
CAS and OE are low. Either CAS or OE high returns the 
output pins to high impedance. 


Write Cycle. A write cycle is executed 
by bringing 


(yVB/)WE low dUJ1!!gthe RAS/CAS cycle. The falling 
edge of CAS or (yVBI)WEstrobes the data on (yV;/)IOj 
into the on-chip data latch. To make use of the write- 
per-bit option, WB(/WE) must be low as RASfalls. In this 
case, write 
data bits can be specified 
by keeping 


Wj(llOiJ high, with setup and hold times referenced to 
the negative transition 
of RAS. 


Forthose data bits of Wj(llOiJthat are kept low as RAS 
falls, write operation is inhibited on the chip. IfWB(/WE) 
is high as RASfalls, the write-per-bit option is not used 
and a write cycle is executed for all four data bits. 


Early Write Cycle. An early write cycle is executed by 
bringing (yVB/)WElow before CAS falls. Data is strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for 
the entire cycle. As RAS falls, (DT/)OE must meet the 
setup and hold times of a high DT, but otherwise 
(DT/)OEdoes not affect anything while CAS is active. 


Read-Write/Read-Modify-Write 
Cycle. This cycle is ex- 


ecuted by bringing (yVB/)WElow with the RASand CAS 
signals low. (yV;/)IOjshows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
(yV;/)IOjreturns to high impedance when (DT/)OEgoes 
high. The data to be written is strobed by (yVB/)WE,with 
setup and hold times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibi.!!!Y 
of (DT/)OE,which can be activated just after (yVB/)WE 
falls, even when (yVB/)WEis brought low after CAS. 


Refresh Cycle. A cycle at each of the 512 row ad- 
dresses (Aothrough As)will refresh all storage cells. Any 
read, write, refresh, or data transfer cycle executed in 


the random access port refreshes the 2048 bits se- 
lected by the RASaddresses or by the on-chip address 
counter. 


RAS-Only Refresh Cycle. A cycle having only RAS 
active refreshes all cells in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
(yV;/)IOjin high impedance. This method is preferred for 
refreshing, especially when the host system consists of 
multiple 
rows of random access devices. The data 


outputs may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 


CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip circuitry. When- 
ever CAS is low as RASfalls, the row addresses speci- 
fied by the internal counter are automatically 
refreshed 


and the circuit operation based on CAS is maintained 
in a reset state. When internal refreshing is complete, 
the address counter automatically 
increments in prep- 


aration for the next CAS before RAS cycle. 


Hidden Refresh Cycle. This cycle is executed after a 
read cycle, without 
disturbing the read data output. 


Once valid, the data ou~ 
is controlled 
by CAS and 


OE.After the read cycle, CAS is held low while RASgoes 
high for precharge. A RAS-only cycle is then executed 
(except that CAS is held at a low level instead of a high 
level) and the data output remains valid. Since hidden 
refreshing is the same as CAS before RAS refreshing, 
the data output remains valid during either operation. 


Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. Maintain- 
ing RAS low while successive CAS cycles are executed 
causes data to be transferred at a faster rate because 
row addresses are maintained internally 
and do not 


have to be reapplied. 
In fast-page operation, 
read, 


write and read-write/read-modify-write 
cycles may be 


executed. Additionally, the write-per-bit control speci- 
fied in the entry write cycle is maintained throughout 
the next fast-page write cycle. 


During a fast-page read cycle, (yV;/)IOjremains in high 
impedance until valid data appears at the output pin at 
access time. Device access time in this cycle will be one 
of the following calculated intervals: 


II 


Calculated 
Interval 


IACP 


tAA 


Conditions 


IASC 2: tcp 
and ICp S ICp 
(max) 


tASC S tASC (max) and tcp 
2: tcp 
(max) 


IASC s 
tep and tep 
s 
tep 
(max) 


IASC 2: IASC (max) and tcp 
S ICp 
(max) 
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Data 
Transfer 
Cycle. 
A data 
transfer 
is executed 
by 


bringing 
DT(lOE) 
low as RAS falls. DT(lOE) must be low 


for a specified 
time, 
measured 
from RAS and CAS. The 


specified 
1 of the possible 
512 rows involved 
in the data 


transfer, 
as well as the starting 
location 
of the following 


serial 
read 
cycle, 
are defined 
by address 
inputs. 
The 


low-to-high 
transition 
of DT causes 
column 
address 


buffer 
outputs 
to be transferred 
to the serial 
address 


counters, 
and storage 
cell data amplified 
on digit 
lines 


to 
be transferred 
to the 
data 
register. 
RAS and 
CAS 


must be low during 
these operations 
to keep the data in 


the random 
access 
port. 


After the data transfer 
cycle, the serial 
read port is only 


used to serially 
read the contents 
of the data 
register 


starting 
from 
a specified 
location. 
The only 
condition 


under which 
the serial 
read port must synchronize 
with 


the random 
access 
port 
is when the positive 
transition 


of DT(lOE) 
must 
occur 
within 
a specified 
period 
in an 


SC cycle. 
Otherwise, 
the serial 
read 
port 
can operate 


asynchronously. 
Output 
data 
appears 
at SOi after an 


access time of tSCA, measured 
from SC high, only when 


SOE is maintained 
low. The SC cycle which 
incl udes the 


positive 
transition 
of DT(/OE) shows old data in the data 


register; 
subsequent 
SC cycles 
show 
new data 
trans- 


ferred 
to 
the 
data 
register 
serially 
and 
in a looped 


manner. 
The serial 
output 
is maintained 
until the next 


SC signal 
is activated. 
SOE controls 
the impedance 
of 


the serial output 
to allow 
multiplexing 
of more than one 


bank 
of pPD42273 
graphics 
buffers 
into the same 
ex- 


ternal 
circuitry. 
When SOE is at a low logic 
level, SOi is 


enabled 
and the proper 
data is read. When SOE is high, 


SOi is disabled 
and in a state 
of high impedance. 


Power 
Supply 
Current 


TA = 0 to + 700C;vcc = +5.0 V ±10%; GND = 0 V 


Port Operation 
"PD42273-10 
"PD42273-12 


RandomAccess 
Serial Read 
Parameter 
(max) 
(max) 
Unit 
Test Conditions 


Read/writecycle 
Standby 
ICCl 
95 
85 
mA 
RAS.CAScycling; tRC= tRCmin; 
SOE = VIH;SC = VIHor VII. 


Standby 
Standby 
ICC2 
4 
4 
mA 
CAS = RAS= VIH;SOE = VIH; 
SC = VIHor VII. 


RA5-onlyrefreshcycle 
Standby 
ICC3 
95 
85 
mA 
RAScycling; CAS = VIH;tRC= tRCmin; 
SOE = VIH;SC = VIHor VII.(Note2) 


Fast-pagecycle 
Standby 
ICC4 
90 
80 
mA 
RAS= VII.;CAScycling; tpc = tpc min; 
SOE = VIH;SC = VIHor VII.(Note3) 


CASbefore RAS 
Standby 
Iccs 
95 
85 
mA 
CASlow as RASfalls; tRC= tRCmin; 


refreshcycle 
SOE = VIH;SC = VIHor VII. 


Datatransfer cycle 
Standby 
Icce 
135 
120 
mA 
DTlow as RASfalls; tRC= tRCmln; 
SOE = VIH;SC = VIHor VII. 


Read/Writecycle 
Active 
ICCl 
120 
105 
mA 
RASand CAScycling; tRC= tRCmin 
SOE = VII.;SC cycling; tscc = tscc min 


Standby 
Active 
Icce 
30 
25 
mA 
CAS = RAS= VIH;SOE = VII.; 
SC cycling; tscc = tscc min 


RA5-onlyrefreshcycle 
Active 
ICC9 
120 
105 
mA 
RAScycling; CAS = V1H;tRC= tRCmin; 
SOE = VII.;SC cycling; tscc = tscc min 


Fast-pagecycle 
Active 
ICC10 
115 
100 
mA 
RAS= VII.;CAScycling; tpc = tpc min; 
SOE = VII.;SC cycling; tscc = tscc min 
(Note3) 


CASbefore RAS 
Active 
ICCll 
120 
105 
mA 
CASlow as RASfalls; tRC= IRc min; 


refreshcycle 
SOE = VII.;SC cycling; tscc = tscc min 


Datatransfer cycle 
Active 
ICC12 
160 
140 
mA 
DTlow as RASfalls; tRC= tRCmin; 
SOE = VII.;SC cycling; tscc = tscc min 


Notes: 


(1) No loadon 10j or SO,.Exceptfor IcC2.IcC3' Icce. and ICC14'real 
values depend on output loading in addition to cycle rates. 


(2) CAS is not clocked, but is kept at a stable high level. Column 


addressesare also assumedto be at a stable high or low level. 


(3) A changein columnaddressesmust not occur morethan oncein 


a fast-page cycle. 
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DC Characteristics 
TA = 0 to + 70°C; VCC = +S.OV 
±10%; GND = 0 V 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


Input leakage current 
IlL 
-10 
10 
/lA 
VIN= Oto S.SV; all other pins not under test = 0 V 


Output 
leakage current 
10L 
-10 
10 
/lA 
DOUT (IOi, SOJ disabled; 
VOUT = 0 to 5.S V 


Random access port output voltage, 
high 
VOH(R) 
2.4 
V 
10H(R)= -2 mA 


Random access port output voltage, 
low 
VOL(R) 
0.4 
V 
10L(R)= 4.2 mA 


Serial read port output 
voltage, 
high 
VOH(S) 
2.4 
V 
10H(S)= -1 mA 


Serial read port output voltage, 
low 
VOLtS) 
0.4 
V 
10L(S)= 2.1 mA 


AC Characteristics 
II 


TA = Oto + 70°C; VCC = +5.0V 
±10%; GND = OV 


"PD42273-10 
"PD42273-12 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Switching Characteristics 


Access time from RAS 
tRAC 
100 
120 
ns 
(Notes 3, 4 and 12) 


Access time from falling 
edge of CAS 
tCAC 
2S 
30 
ns 
(Notes 3, 4, 13, 14 and 15) 


Access time from column address 
tAA 
55 
65 
ns 
(Notes 3, 4, 14 and 15) 


Access time from rising edge of CAS 
tACP 
55 
65 
ns 
(Notes 3 and 4) 


Access time from OE 
tOEA 
25 
30 
ns 
(Notes 3 and 4) 


Serial output access time from SC 
tSCA 
30 
40 
ns 
(Notes 3 and 18) 


Serial output access time from SOE 
tSOA 
25 
30 
ns 
(Note 3) 


Output 
disable time from CAS high 
tOFF 
0 
25 
0 
30 
ns 
(NoteS) 


Output 
disable time from OE high 
tOEZ 
0 
25 
0 
30 
ns 
(NoteS) 


Serial output disable time from SOE high 
tsoz 
0 
15 
0 
20 
ns 
(NoteS) 


SOE low to serial output 
setup delay 
tsoo 
5 
5 
ns 


Serial output 
hold time after SC high 
tSOH 
5 
5 
ns 


Timing Requirements 


Random read or write 
cycle time 
tRC 
190 
220 
ns 
(Note 11) 


Read-write/read-modify-write 
cycle time 
tRWC 
255 
295 
ns 
(Note 11) 


Fast-page cycle time 
tpc 
60 
70 
ns 
(Note 11) 


Fast-page read-write/read-modify-write 
tpRWC 
125 
145 
ns 
(Note 11) 
cycle time 


Rise and fall transition 
time 
tT 
3 
SO 
3 
SO 
ns 
(Notes 3, 10 and 18) 


RAS precharge time 
tRP 
80 
90 
ns 
(Note 18) 


RAS pulse width 
tRAS 
100 
10,000 
120 
10,000 
ns 


Fast-page RAS pulse width 
tRASP 
100 
100,000 
120 
100,000 
ns 


RAS hold time 
tRSH 
25 
30 
ns 


CAS precharge lime (nonpage cycle) 
tCPN 
10 
15 
ns 


Fast-page CAS pre charge time 
tcp 
10 
25 
15 
30 
ns 


CAS pulse width 
tCAS 
25 
10,000 
30 
10,000 
ns 


CAS hold time 
tCSH 
100 
120 
ns 


RAS to CAS delay 
tRCD 
25 
7S 
25 
90 
ns 
(Note 4) 


CAS high to RAS low precharge time 
tCRP 
10 
10 
ns 
(Note 16) 
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AC Characteristics 
(cont) 


"PD42273-10 
"PD42273-12 


Parameter 
Symbol 
Mln 
Max 
Min 
Max 
Unit 
Test Conditions 


Timing Requirements 
(cont) 


Row address setup time 
tASR 
0 
0 
ns 


Row address hold time 
tRAH 
12 
15 
ns 


Column address setup time 
tASC 
0 
25 
0 
30 
ns 
(Note 15) 


Column address hold time 
tCAH 
15 
20 
ns 


RAS to column address delay time 
tRAD 
17 
45 
20 
55 
ns 
(Notes 9 and 14) 


Column address to RAS lead time 
tRAL 
55 
65 
ns 


Read command 
setup time 
tRCS 
0 
0 
ns 


Read command 
hold time after RAS high 
tRRH 
10 
10 
ns 
(Note 6) 


Read command 
hold time after CAS high 
tRCH 
0 
0 
ns 
(Note 6) 


Write command 
setup time 
twcs 
0 
0 
ns 
(Note 7) 


Write command 
hold time 
tWCH 
20 
30 
ns 


Write command 
pulse width 
twP 
20 
25 
ns 
(Note 17) 


Write command 
to RAS lead time 
tRWL 
30 
35 
ns 


Write command 
to CAS lead time 
tCWL 
30 
35 
ns 


Data-in setup time 
tDs 
0 
0 
ns 
(Note B) 


Data-in hold time 
tDH 
20 
25 
ns 
(Note B) 


Column address to WE delay 
tAWD 
B5 
100 
ns 
(Note 7) 


CAS to WE delay 
tcwD 
55 
65 
ns 
(Note 7) 


RAS to WE delay 
tRWD 
130 
155 
ns 
(Note 7) 


OE high to data-in setup delay 
tOED 
30 
35 
ns 


OE high hold time after WE low 
tOEH 
25 
30 
ns 


CAS before RAS refresh setup time 
tCSR 
0 
0 
ns 


CAS before RAS refresh hold time 
tCHR 
15 
20 
ns 


RAS high to CAS low precharge time 
tRPC 
0 
0 
ns 


Refresh interval 
tREF 
B 
B 
ms 
Addresses AO through As 


OT low setup time 
tDLS 
0 
0 
ns 


OT low hold time after RAS low 
tRDH 
BO 
90 
ns 
(Note lB) 


OT low hold time after CAS low 
tCDH 
30 
35 
ns 


SC high to OT high delay 
tsDD 
10 
15 
ns 


SC low hold time after OT high 
tSDH 
10 
15 
ns 


Serial clock cycle time 
tscc 
30 
40 
ns 
(Note 11) 


SC pulse width 
tSCH 
10 
15 
ns 


SC precharge 
time 
tscL 
10 
15 
ns 


OT high setup time 
tDHS 
0 
0 
ns 


OT high hold time 
tDHH 
15 
20 
ns 


OT high to RAS high delay 
tDTR 
10 
10 
ns 


OT high to CAS high delay 
tDTC 
5 
5 
ns 
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Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


tOES 
10 
10 
ns 


tWBS 
0 
0 
ns 


tWBH 
15 
20 
ns 


tws 
0 
0 
ns 


tWH 
15 
20 
ns 


tSOE 
10 
15 
ns 
II 


tsop 
10 
15 
ns 


tOTH 
15 
20 
ns 


Timing Requirements 
(cont) 


5E to RAS inactive 
setup time 


Write-per-bit 
setup time 


Write-per-bit 
hold time 


Write bit selection 
setup time 


Write bit selection 
hold time 


SOE pulse width 


SOE pre charge time 


Of high hold time after RAS high 


Notes: 


(1) All voltages 
are referenced to GNO. 


(2) An initiall'ause 
of 100 ps is required after power-up, followed by 
any eight RAS cycles and four data transfer 
(01) cycles, before 
proper device operation 
is achieved. 


(3) 
See input/output 
timing 
waveforms 
for timing 
reference 
volt- 
ages. See figures 3 and 4 for output 
loads. 


(4) 
Operation 
within 
the tACO (max) limit ensures that tAAC (max) 
can be met. The tACO (max) limit is specified 
as a reference point 
only. If tACO is greater 
than the specified 
tACO (max) limit, 
access time is controlled 
exclusively 
by tCAC' tOEA, or tAA' 


(5) An output 
disable 
time defines 
the time 
at which 
the output 
achieves 
the open-circuit 
condition 
and is not referenced 
to 
output voltage 
levels. 


(6) 
Either tAAH or tACH must be satisfied 
for a read cycle. 


(7) twcs, 
tAWD, tCWD, and tRWD are restrictive 
operating 
parame- 
ters in read-write 
and read-modify-write 
cycles only. If twcs 
~ 
twcs 
(min), the cycle is an early write cycle and the data output 
will remain open-circuit 
throughout 
the entire cycle. If tAWD ~ 
tAWD (min), tCWD ~ tCWD (min), and tRWD ~ tRWD (min), the 
cycle is a read-write 
cycle and the data output will contain data 
read from the selected cell. If neither of the above conditions 
is 
met, the condition 
of the data out (at access time and until CAS 
returns to VIti! is indeterminate. 


(8) These parameters 
are referenced to the fall~ 
e~ 
of CAS in 
early write cycles and to the falling 
edge of r;YSI)WE in delayed 
write or read-modify-write 
cycles. 


(9) Assumes that tAAD (min) = tRAH (min) + typical tT of 5 ns. 


(10) VIH (min) and VII. (max) are reference Jevels for measuring 
the 
timing 
of input signals. 
Additionally, 
transition 
times are mea- 
sured between VIH and VII.' 


(11) The minimum 
specifications 
are used only to indicate the cycle 
time at which proper operation 
over the full temperature 
range 
(TA = 0 to t70"C) 
is assured. 


(12) Assumes that tACO s 
tACO (max) and tAAD s 
tAAD (max). If 
tRCD or tRAD is greater than the maximum 
recommended 
value 
in this table, tAAC increases by the amount that tACO or tAAD 
exceeds the value shown. 


(13) Assumes that tACD~ 
tACO (max) and tAAD s tAAD (max). 


(14) If tAAD ~ tAAD (max) , then the access time is defined 
by tM' 


(15) For fast-page 
read operation, 
the definition 
of access time is as 
follows. 


CAS and Column 
Address 
Input Conditions 


tcp 
s tcp 
(max), tASC~ tep 


tcp 
s tcp 
(max) , tASC S tcp 


tcp 
~ tcp 
(max), tASC stASC (max) 


tcp 
~ tcp 
(max), tASC ~ tASC (max) 


Access 
Time Dellnltlon 


tACP 


tAA 


tM 


tCAC 


(16) The tCAP requirement 
is applicable 
for RAS/CAS cycles 
pre- 


ceded by any cycle. 


(17) Parameter twP is applicable for a delayed write cycle such as a 
read-write/read-modify-write 
cycle. 
For early 
write 
operation, 


both twcs 
and tWCH must be met. 


(18) Improvement 
in parameters 
tRDH, tRP and tSCA are planned for 
process versions 
"x" and "m". Please contact 
your NEC sales 
office for details. 


(19) Ac measurements 
assume tT = 5 ns. 
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Timing Waveforms 
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Timing Waveforms (cent) 


Early Write Cycle 
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Timing Waveforms 
(cant) 


Late Write Cycle 
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Timing Waveforms (cant) 


Read-Write/Read-Modify-Write 
Cycle 
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Timing Waveforms (cant) 


RA5-0nly Refresh Cycle 
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Timing Waveforms (cont) 


CAS Before HAS Refresh Cycle 
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Timing Waveforms (cant) 


Fast-Page Read Cycle 
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Timing Waveforms (cant) 


Fast-Page Read-Modify-Write 
Cycle 


IRCD-r---tPRWC 
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pPD42274 
Dual·Port Graphics Buffer 


Description 


The J.lPD42274is a dual-port graphics buffer equipped 
with a 256Kx 4-bit random access port and a 512x 4-bit 
serial read port. The serial read port is connected to an 
internal 2048-bit data register through 
a 512 x 4-bit 
serial read output circuit. The random access port is 
used by the host CPUto read or write data addressed in 
any desired order. A write-per-bit 
capability 
allows 
each of the four data bits to be individually selected or 
masked for a write cycle. Furthermore, a flash write 
option with write-per-bit 
control 
enables data in the 
color register to be written to a selected row in the 
random access port. 


The J.lPD42274features fully 
asynchronous 
dual ac- 
cess, except when transferring 
stored graphics data 
from a selected row of the storage array to the data 
register. During a data transfer, the random access port 
requires a special timing cycle using a transfer clock; 
the serial read port continues 
to operate 
normally. 
Following the clock transition 
of a data transfer, serial 
output data changes from an old line to a new line and 
the starting location on the new line is addressable in 
the data transfer cycle. 


An advanced CMOS silicon-gate 
process using poly- 
cide technology 
and trench capacitors 
provides high 
storage cell density, high performance, 
and high reli- 
ability. 


Refreshing is accomplished 
by means of RAS-only 
refresh cycles or by normal read or write cycles on the 
512 address combinations 
of Ao through Aa during an 
8-ms period. Automatic 
internal refreshing, by means 
of either hidden refreshing or the CAS before RAS 
timing and on-chip internal refresh circuitry, 
is also 
available. The transfer of a row of data from the storage 
array to the data register also refreshes that row auto- 
matically. 


All inputs 
and outputs, 
including 
clocks, 
are TTL- 
compatible. All address and data-in signals are latched 
on-chip to simplify 
system 
design. Data-out 
is un- 
latched to allow greater system flexibility. 


The J.lPD42274is available in a 28-pin plastic ZIP or 
28-pin plastic SOJ and is guaranteed for operation at 0 
to + 70·C. 


o Three functional blocks 
- 
256K x 4-bit random access storage array 
- 
2048-bit data register 
- 
512 x 4-bit serial read output circuit 
o Two data ports: random access and serial read 
o Dual-port accessibility except during data transfer 
o Addressable start of serial read operation 
o Real-time data transfer 
o Single + 5-volt ±10% power supply 
o On-chip substrate bias generator 
o Random access port 
- 
Two main clocks: RAS and CAS 
- 
Multiplexed address inputs 
- 
Direct connection of I/O and address lines 
allowed by OE to simplify system design 
-512 
refresh cycles every 8 ms 
- 
Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and fast-page 
cycles 
-Automatic 
internal refreshing by means of the 
CAS before RAS on-chip address counter 
- 
CAS-controlled hidden refreshing 
- 
Write-per-bit option regarding four I/O bits 
- 
Write bit selection multiplexed on 100-IOa 
o Flash write option with write-per-bit control 
o RAS-activated data transfer 
- 
Same cycle time as for random access 
- 
Row data transferred to data register as 
specified by row address inputs 
-Starting 
location of following serial read cycle 
specified by column address inputs 
- 
Transfer of 2048 bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 
- 
Data transfer during real-time operation or 
standby of serial port 
o Fast serial read operation by means of SC pins 
o Serial data output on SOo-80a 
o Direct connection of multiple serial outputs for 
extension of data length 
o Fully TTL-compatible inputs, outputs, and clocks 
o Three-state outputs for random and serial access 
o CMOS silicon-gate process with trench capacitors 
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Row Access 
Serial Access 
Part Number 
Time (max) 
Time (max) 
Package 


"PD42274LE-l0 
100 ns 
30 ns 
2S-pin plastic SOJ 


LE-t2 
120ns 
40ns 


"PD42274V-l0 
tOo ns 
30 ns 
2S-pin plastic ZIP 


V-t2 
120 ns 
40 ns 


Symbol 


Ao - As 


WoflOo - W3I103 


RAS 


CAS 


WBtWE 


!}fio!: 


FWE 


SOO-S03 
SC 


SOE 


GND 


VCC 


NC 


Function 


Address inputs 


Write-per-bit 
selects/data 
inputs and outputs 


Row address strobe 


Column address strobe 


Write-per-biVwrite 
enable 


Data transfer/output 
enable 


Flash write enable 


Serial read outputs 


Serial control 


Serial output 
enable 


Ground 


+5-volt :t 10% power supply 


No connection 


Absolute Maximum Ratings 


Voltage on any pin except VCC 
relative to GND, VRt 


Voltage on Vcc relative to GND, VR2 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output current, 
los 


Power dissipation, 
Po 


-1.0 to +7.0V 


-1.0 to +7.0V 


o to +70°C 


-55 to + 125°C 


50mA 


1.5W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


sc 


SOo 
SO, 
Dr/DE 


Wo/10o 


W,lIOt 
WBIWE 


NC 


RAS 
As 


A6 


AS 


A4 
Vcc 


FWE 


W3/103 
S02 
GNO 
sOo 


Dr/OE 


W1/101 
NC 
As 
AS 
Vcc 


A3 
A, 
NC 


t :::,::: 
3 ::: 
5 :::' ::: 4 


,::: 
6 
7 '" 
9::: 
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t1::: 
10 


.... 
12 


13 '" 
15 ::! '" 
14 


:::: 
16 
17 :::,::: 
1S 
19 :::,::: 
20 
21 
'" ,::: 
22 


23 '" 
25 
'" 
24 


27::: 
26 
28 


GNO 


S03 


S02 


SOE 


W3/103 


W2/102 
FWE 


CAS 


NC 


AO 


A1 


A2 


A3 


A7 


W2/102 


SOE 
S03 
SC 
S01 


Wo/10o 
WBIWE 
RAS 


A6 


A4 


A7 


A2 
Ao 
CAS 
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Pin Functions 


Ao-As (Address Inputs). These pins are multiplexed as 
row and column address inputs. Each of four data bits in 
the random access port corresponds to 262,144 storage 
cells, which means that nine row addresses and nine 
column addresses are required to decode one ceilloca- 
tion. Nine row addresses are first used to select one of 
the 512 possible rows for a read, write, data transfer, or 
refresh cycle. Nine column addresses are then used to 
select the one of 512 possible column decoders for a 
read or write cycle or the one of 512 possible starting 
locations for the next serial read cycle. (Column ad- 
dresses are not required in RAS-only refresh or flash 
write cycles.) 


Wo/IOo-W:v103 (Write-Per-Bit 
Inputs/Common 
Data 


Inputs and Outputs). 
Each of the four data bits can be 


individually latched by these inputs at the falling edge of 
RAS in a write or flash write cycle, and then updated at 
the next falling edge of RAS. 


In a read cycle, these pins serve as outputs for the 
selected storage cells. In a write cycle, data input on 
these pins is latched by the falling edge of CAS or WE. 


RAS (Row Address 
Strobe). This pin is functionally 


equivalent to a chip enable signal in that whenever it is 
activated, the 2,048 storage cells of a selected row are 
sensed simultaneously and the sense amplifiers restore 
all data. The nine row address bits are latched by this 
signal and must be stable on or before its falling edge. 
CAS, DT/OE, WB/WE, and FWE are simultaneously 
latched to determine device operation. 


CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder and 
the input/output buffers. The nine column address bits 
are latched at the falling edge of CAS. 


WB/WE (Write-Per-Bit 
Control/Write 
Enable). At the 


falling edge of RAS,the WB/WE and FWEinputs must be 
low and CAS and DT/OEhigh to enable the write- per-bit 
option. When CAS, DT/OEand FWEare high at the falling 
edge of RAS, the level of this signal indicates either a 
color register set cycle or flash write cycle. A high 
WB/WE can be used at the beginning of a standard write 
or read cycle. 


DT/OE (Data Transfer/Output 
Enable). At the falling 


edge of RAS,CAS high and FWE and DT/OElow initiate 
a data transfer, regardless of the level of WB/WE. DT/OE 
high initiates conventional 
read or write cycles and 


controls the output buffer in the random access port. 


FWE (Flash Write Enable). If this signal is low and CAS 
and DT/OEare high at the falling edge of RAS,a read or 
write cycle is initiated. If FWE,CAS and DT/OEare high at 
the falling edge of RAS,either a color register set cycle or 
flash write cycle is initiated, depending on the level of 
WB/WE. 


SOO-S03 (Serial Data Output). 
Four-bit data is read 


from these pins. Data remains valid until the next SC 
signal is activated. 


SC (Serial Control). 
Repeatedly activating this signal 


causes serial read cycles (starting from the location 
specified in the data transfer cycle) to be executed 
within the 2,048 bits in the data register. The rising edge 
of SC activates serial read operation, in which four of the 
2,048 data bits are transferred to four serial data buses, 
respectively, and read out. Whenever SC is low,the serial 
port is in standby. 


SOE (Serial Output 
Enable). This signal controls the 


serial data output buffer. 
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RAS 
CAS 
DriOE 


W8JWE 


FWE 


The /LPD42274consists of a random access port and a 
serial read port. The random access port executes 
standard read and write cycles as well as data transfer 
and flash write cycles, all of which are based on conven- 
tional RAS/CAStiming. 


In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously through a 
transfer gate to its corresponding register location (un- 
less the flash write option is used to write an entire row 
of data to predetermined values). The serial read port 
shows the contents of the data register in serial order. 
The random access and serial read ports can operate 
asynchronously, except when the transfer gate is turned 
on during the data transfer period. 


W()IIOo 


Wl/101 


W2/102 


W:JI103 


Addressing 


The storage array is arranged in a 512-row by 2048- 
column matrix, whereby each of 4 data bits in the 
random access port corresponds to 262,144 storage 
cells and 18address bits are required to decode one cell 
location. Nine row address bits are set up on pins Ao 
through As and latched onto the chip by RAS. Nine 
column address bits then are set up on pins Ao through 
As and latched onto the chip by CAS. All addresses must 
be stable. on or before the falling edges of RASand CAS. 
Whenever RAS is activated, 2048 cells on the selected 
row are sensed simultaneously and the sense amplifiers 
automatically 
restore the data. CAS serves as a chip 


selection signal to activate the column decoder and the 
input and output buffers. 
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Through 1 of 512 column decoders, 4 storage cells on 
the row are connected to 4 data buses, respectively. In a 
data transfer cycle, 9 row address bits are used to select 
1of the 512 possible rows involved in the transfer of data 
to the data register. Nine column address bits are then 
used to select the 1 of 512 possible serial decoders that 
corresponds to the starting location of the next serial 
read cycle. In the serial read port, when SC is activated, 
4 data bits in the 2048-bit data register are transferred to 
4 serial data buses and read out. Activating SC repeat- 
edly causes serial read cycles (starting from the loca- 
tion specified in the data transfer cycle) to be executed 
within the 2048 bits in the data register. 


Random Access Port 


An operation in the random access port begins with a 
negative transition 
of RAS. Both RAS and CAS have 


minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 
specifications, including minimum cycle time. To reduce 
the number of pins, the following are multiplexed. 


• D170E 
• WB/WE 
• W;/IOi (i = 0, 1,2,3) 


The OE, WE and 10ifunctions represent standard oper- 
ations, while D1; WB, and Wi are special inputs to be 
applied in the same way as row address inputs, with 
setup and hold times referenced to the negative transi- 
tion of RAS. 


The level of DT determines whether a cycle is a random 
access operation or a data transfer operation. WB af- 
fects only write cycles and determines whether or not 
the write-per-bit capability is used. Wi defines data bits 
to be written with the write-per-bit option. In the follow- 
ing discussions, these multiplexed pins are designated 
as DT(lOE), for example, depending on the function 
being described. 


To use the flPD42274 for random access, DT(/OE) must 
be high as RASfalls. Holding DT(lOE) high disconnects 
the 2048-bit register from the corresponding 2048-digit 
lines of the storage array. Conversely, to execute a data 
transfer, DT(lOE) must be low as RAS falls to open the 
2048 transfer gates and transfer data from one of the 
rows to the register. 


Truth Table for the Random Access Port 


~ 
OffDE 
WBiWE 
FWE 
Cycle 


H 
H 
H 
L 
Read or write (Note 1) 


H 
H 
L 
L 
Mask write (Note 2) 


Read data transfer 
(Note 3) 
H 
L 
X 
L 


H 
L 
H 
H 


L 
X 
X 
X 


H 
H 
H 
H 


H 
H 
L 
H 


Notes: 


CAS before RAS refresh (Note 4) 


Color register set (Note 5) 


Flash write/wr~e-per-bit 
(Note 6) II 


(1) Initiates a normal read or write cycle and disables the write-per- bit 


capability. 


(2) Enables the write-per-bit 
capability, 
where individual 
bits can be 


selected 
or masked for a write 
cycle. Four-bit 
masked 
data is 


latched at the falling 
edge of RAS and reset at the rising edge of 


RAS. 


(3) Initiates a read data transfer cycle. 


(4) Initiates a CAS before RAS refresh cycle. As RAS falls, WB/WE, 


D170E and FWE = don't care. 


(5) Defines a color register set cycle, where data in the register can 


be accessed in a read or write cycle. 


(6) Initiates a flash write cycle, where the storage cells on an entire 


selected row can be set with wr~er-b~ 
control to the same data 


stored in the color registe, 
As RAS falls, D170E = don't care. To 


avoid un-intended 
flash write operation, 
the FWE pin should be 


grounded. 
If grounding 
the 
FWE pin 
is not possible, 
use the 


non-flash write version JiPD42273. 


(7) X = don't care. 


Read Cycle. A read cycle is executed by activating RAS, 
CAS, and OE and by maintaining (WBI)WEwhile CAS is 
active. The (W;/)IOi pin (i = 0, 1, 2, 3) remains in high 
impedance until valid data appears at the output at 
access time. Device access time, tACC, will 
be the 


longest of the following four calculated intervals: 


• tRAC 
• RASto ±CAS delay (tRCD)+ tCAC 
• RASto column address delay (tRAD)+ tM 
• RASto OE delay + tOEA 


Access times from RAS(tRAd, from CAS (tcAd, from the 
column addresses (tM>, and from OE (toEN are device 
parameters. The RAS-to-CAS, RAS-to-column address, 
and RAS-to-OE delays are system-dependent timing 
parameters. Output becomes valid after the access time 
has elapsed and it remains valid while both CAS and OE 
are low. Either CAS or OE high returns the output pins to 
high impedance. 


NEe 


Write Cycle. A write cycle is executed by bringing 
0NBI)WElow during the RAS/CAScycle.The falling edge 
of CAS or 0NBI)WE strobes the data on 0NV>IOiinto the 
on-chip data latch. To make use of the write-per-bit 
option, WB(/WE) must be low as RASfalls. In this case, 
write data bits can be specified by keeping Wj(/IOi) high, 
with setup and hold times referenced to the negative 
transition of RAS. 


For those data bits of Wj(lIOj) that are kept low as RAS 
falls, write operation is inhibited on the chip. If WB(/WE) 
is high as RASfalls, the write-per-bit option is not used 
and a write cycle is executed for all four data bits. 


Early Write Cycle. An early write cycle is executed by 
bringing 0NBI)WE low before CAS falls. Data is strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for the 
entire cycle. As RASfalls, (DTI)OEmust meet the setup 
and hold times of a high DT,but otherwise (DTI)OEdoes 
not affect any circuit operation while CAS is active. 


Read-Write/Read-Modify-Write 
Cycle. This cycle is ex- 


ecuted by bringing 0NBI)WElow with the RASand CAS 
signals low. 0NV>IOishows read data at access time. 
Afterward, in preparation for the upcoming write cycle, 
0Nil)lOi returns to high impedance when (DTI)OEgoes 
high. The data to be written is strobed by 0NBI)WE,with 
setup and hold times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of (DTI)OE,which can be activated just after (WB/)WE 
falls, even when 0NBI)WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 512 row addresses 
(Aothrough As) will refresh all storage cells. Any cycle 
executed in the random access port (i.e., read, write, 
refresh, data transfer, color register set, or flash write) 
refreshes the 2048 bits selected by the RASaddresses or 
by the on-chip refresh address counter. 


RAS-Only Refresh 
Cycle. A cycle having only RAS 


active refreshes all cells in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
0Nil)lOi in high impedance. This method is preferred for 
refreshing, especially when the host system consists of 
multiple rows of random access devices. The data out- 
puts may be OR-tied with no bus contention when 
RAS-only refresh cycles are executed. 


CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circl,Jitry. 
Whenever CAS is low as RAS falls, this circuitry auto- 
matically refreshes the row addresses specified by the 
internal counter. Inthis cycle, the circuit operation based 
on CAS is maintained in a reset state. When internal 
refreshing is complete, the address counter automati- 
cally increments in preparation for the next CAS before 
RAS cycle. 


Hidden Refresh Cycle. This cycle is executed after a 
read cycle,without disturbing the read data output. Once 
valid, the data output is controlled by CAS and OE. After 
the read cycle. CAS is held low while RAS goes high for 
precharge. A RAS-only cycle is then executed (except 
that CAS is held at a low level instead of a high level) and 
the data output remains valid. Since hidden refreshing is 
the same as CAS before RASrefreshing, the data output 
remains valid during either operation. 


Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. Maintain- 
ing RASlow while successive CAS cycles are executed 
causes data to be transferred at a faster rate because 
row addressesare maintained internally and do not have 
to be reapplied. In fast-page operation, read, write and 
read-write/read-modify-write 
cycles may be executed. 


Additionally, the write-per-bit 
control specified in the 


entry write cycle is maintained throughout the next 
fast-page write cycle. 


During a fast-page read cycle, the 0Nil)lOidata pin (i = 0, 
1,2. or 3) remains in a state of high impedance until valid 
data appears at the output pin at access time. Device 
access time in this cycle will be one of the following 
calculated intervals: 


Conditions 


tASC 2: ICp and tcp S lcp (max) 


tASC S IASC(max) and lcp 
2: lcp (max) 


tASC S tep and tep S tep (max) 


tASC 2: IASC(max) and tcp 
S ICp (max) 


NEe 


Data Transfer 
Cycle. A data transfer is executed by 


bringing DT(lOE) and FWE low as RASfalls. The speci- 
fied 1 of the possible 512 rows involved in the data 
transfer, as well as the starting location of the following 
serial read cycle in the serial read port, are defined by 
address inputs. DT(/OE) must be low for a specified time, 
measured from RAS and CAS, so that the data transfer 
condition may be satisfied. The low-to-high transition of 
DT causes two operations through the data transfer 
gates: column address buffer outputs are transferred to 
the serial address counters, and storage cell data ampli- 
fied on digit lines is transferred to the data register. RAS 
and CAS must be low during these operations to keep 
the data in the random access port. 


Color Register Set Cycle. A color register set cycle is 
executed in the same fashion as a conventional read or 
write cycle, with the level of WE high as RASfalls. In this 
cycle, read or write operation is available to the color 
register under the control of WE. In read operation, color 
register data is read out on the common 10ipins. In write 
operation, common 10jdata can be written into the color 
register. RAS-only refreshing is internally performed on 
the row selected by Ao through As in this cycle. 


Flash Write Cycle. A flash write cycle can clear or set 
each oft hefour 512-bit data sets on the one row selected 
from among the 512 possible rows according to data 
stored in the color register. Bit mask inputs are latched 
as RASfalls. This cycle is useful in graphics processing 
applications when the screen should be cleared or set to 
some uniform value as quickly as possible. 


The serial read port is only used to serially read the 
contents of the data register starting from a specified 
location. The entire operation, therefore, follows the data 
transfer cycle. The only condition under which the serial 
read port must synchronize with the random access 
port is when the positive transition 
of DT(/OE) 
must 


occur within a specified period in an SC cycle. Except for 
this cycle, the serial read port can operate asynchro- 


nously. The output data appears at SOi after an access 
time of tSCA,measured from SC high, only when SOE is 
maintained low. The SC cycle which includes the posi- 
tive transition of DT(/OE) 
shows old data in the data 


register; subsequent SC cycles show new data trans- 
ferred to the data register serially and in a looped 
manner.The serial output is maintained until the next SC 
signal is activated. SOE controls the impedance of the 
serial output to allow multiplexing of more than one bank 
of ILPD42274graphics buffers into the same external 
circuitry. When SOE is at a low logic level, SOi is enabled 
and the proper data is read. When SOE is at a high logic 
level, SOi is disabled and in a state of high impedance. II 
Recommended 
Operating 
Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, high 
V1H 
2.4 
5.5 
V 


Input voltage, low 
VIL 
-1.0 
0.8 
V 


Ambient temperature 
TA 
a 
70 
·C 


Capacitance 
TA = Oto +70·C; 
Vcc = +5.0V 
±10%; f =1 MHz; GND = OV 


Parameter 
Symbol 
limit 
(max) 
Unit 
Pins Under Test 


Input 
C1(A) 
5 
pF 
Ao 1hrough As 


capacitance 
CI(OT/OE) 
8 
pF 
DT/OE 


CI<WB!WEJ 
8 
pF 
WBIWE 


CI(FWE) 
8 
pF 
FWE 


CI(RAS) 
8 
pF 
R7iS 


CI(CAs) 
8 
pF 
~ 


C1(SOE) 
8 
pF 
SOE 
C1(SC) 
8 
pF 
SC 


InpuVoutput 
C1o(Wno) 
7 
pF 
WofiOo through WsflOa 


capaci1ance 


Output 
Co(SO) 
capacitance 
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Power Supply Current 
TA = Oto +70·C; 
VCC = +5.0V 
±10%; GND = OV 


Port Operation 


Random 
"PD42274-10 
"PD42274-12 
Access 
Serial 
Read 
Parameter 
(max) 
(max) 
Unit 
Test Conditions 


Read/Write 
Standby 
ICC1 
95 
85 
mA 
RAS, CAS cycling; 
FWE low as RAS falls; 


cycle 
tRC = tRC min; SOE = VIH; SC = VIH or VIL 


Standby 
Standby 
ICC2 
4 
4 
mA 
CAS = RAS = VIH; SOE = VIH; 
SC = VIH or VIL 


RA5-only 
Standby 
ICC3 
95 
85 
mA 
RAS cycling; 
CAS = V1H; FWE low as RAS falls; 


refresh cycle 
tRC = tRC min; SOE = VIH; SC = VIH or VIL 
(Note 2) 


Fast-page cycle 
Standby 
ICC4 
90 
80 
mA 
RAS = VIL; CAS cycling; tpc = tpc min ; SOE 
= VIH; SC = VIH or VIL (Note 3) 


CAS before 
Standby 
ICC5 
95 
85 
mA 
CAS low as RAS falls; tRC = tRC min; 


RAS refresh 
SOE = V1H;SC = V1Hor V1L 
cycle 


Data transfer 
Standby 
ICC6 
135 
120 
mA 
DT low as RAS falls; tRC = tRC min; 


cycle 
SOE = VIH; SC = VIH or VIL 


Read/write 
Active 
ICC7 
120 
105 
mA 
RAS and CAS cycling; 
FWE low as RAS falls; 
cycle 
tRC = tRC min SOE = VIL; SC cycling; 
tscc = tscc 
min 


S1andby 
Active 
ICC8 
30 
25 
mA 
CAS = RAS = VIH; SOE = VIL; SC cycling; 
tscc = tscc 
min 


RA5-only 
Active 
ICC9 
120 
105 
mA 
RAS cycling; 
CAS = VIH; FWE low as RAS falls; 
refresh cycle 
tRC = tRC min; SOE = VIL; SC cycling; 
tscc = tscc 
min 


Fast-page cycle 
Active 
ICC10 
115 
100 
mA 
RAS = VIL; CAS cycling; tpc = tpc min ; SOE 
= VIL; SC cycling; tscc = tscc 
min (Note 3) 


CAS before 
Active 
ICC11 
120 
105 
mA 
CAS low as RAS falls; tRC = tRC min; 


RAS refresh 
SOE = VIL; SC cycling; tscc = tscc 
min 


cycle 


Data transfer 
Active 
ICC12 
160 
140 
mA 
DT low as RAS falls; tRC = tRC min; SOE = VIL; 


cycle 
SC cycling; tscc = tscc 
min 


Color register 
Standby 
ICC13 
95 
85 
mA 
FWE and WB/WE high as RAS falls; 


set cycle 
tRC = tRC min; SOE = VIH; SC = VIH or VIL 


Flash write 
Standby 
ICC14 
95 
85 
mA 
FWE high and WB/WE low as RAS falls; 


cycle 
tRC = tRC min; SOE = VIH; SC = VIH or VIL 


Color register 
Active 
ICC15 
120 
105 
mA 
FWE and WB/WE high as RAS falls; tRC = tRC 
set cycle 
min; SOE = V1L;SC cycling; tscc = tscc 
min 


Flash write 
Active 
ICC16 
120 
105 
mA 
FWE high and WB/WE low as RAS falls; 
cycle 
tRC = tRC min; SOE = VIL; SC cycling; 
tscc = tscc 
min 


Notes: 


(1) No load on 10j or SOj. Except for ICC2. ICC3. ICC6. and ICC14' real 
values depend on output 
loading in addition 
to cycle rates. 


(2) CAS is not clocked, but is kept at a stable high level. The column 
addresses are also assumed to be kept stable, a1either a high or 
low level. 


(3) A change in column addresses must not occur more than once in 


a fast-page 
cycle. 


NEe 
IJPD42274 


DC Characteristics 
TA = a to + 70°C; VCC = 
+5.0 V ±10%; GND = OV 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Input leakage current 
IlL 
-10 
10 
JiA 
V1N= a to 5.5 V; all other pins not under test = a V 


Output 
leakage current 
10L 
-10 
10 
JiA 
Dour 
(IOi, SOJ disabled; 
Your 
= a to 5.5 V 


Random access port output 
voltage, high 
VOH(R) 
2.4 
V 
10H(R)= -2 mA 


Random access port output 
voitage, low 
VOL(R) 
0.4 
V 
10L(R)= 4.2 mA 


Serial read port output voltage, high 
VOH(S) 
2.4 
V 
10H(S) = -1 mA 


Serial read port output voltage, low 
VOL(S) 
0.4 
V 
10L(S) = 2.1 mA 


AC Characteristics 
II 


TA= 
Oto+700C;Vcc= 
+5.0V±10%;GND= 
ov 


"PD42274-10 
"PD42274-12 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Switching Characteristics 


Access time from RAS 
tRAC 
100 
120 
ns 
(Notes 3, 4 and 12) 


Access time from f ailing edge of CAS 
tCAC 
25 
30 
ns 
(Notes 3,4, 
13, 14 and 15) 


Access time from column address 
tAA 
55 
65 
ns 
(Notes 3, 4, 14 and 15) 


Access time from rising 
edge of CAS 
tACP 
55 
65 
ns 
(Notes 3 and 4) 


Access time from OE 
tOEA 
25 
30 
ns 
(Notes 3 and 4) 


Serial output access time from SC 
tSCA 
30 
40 
ns 
(Notes 3 and 18) 


Serial output 
access lime from SOE 
tSOA 
25 
30 
ns 
(Note 3) 


Output 
disable time from CAS high 
tOFF 
a 
25 
a 
30 
ns 
(Note 5) 


Output 
disable time from OE high 
tOEZ 
a 
25 
a 
30 
ns 
(Note 5) 


Serial output disable time from SOE high 
!sOZ 
a 
15 
a 
20 
ns 
(Nola 5) 


SOE low 10 serial output 
setup delay 
tsoo 
5 
5 
ns 


Serial output 
hold time after SC high 
ISOH 
5 
5 
ns 


Timing Requirements 


Random read or write cycle lime 
tRC 
190 
220 
ns 
(Note 11) 


Read-write/read-modify-wrile 
cycle time 
lRWC 
255 
295 
ns 
(Nole 11) 


Fast-page cycle time 
lpc 
60 
70 
ns 
(Nole 11) 


Fast-page read-write/read-modify-write 
cycle 
lpRWC 
125 
145 
ns 
(Nole 11) 
lime 


Rise and f alliransition 
time 
lr 
3 
50 
3 
50 
ns 
(Notes 3, 10 and 18) 


RAS pre charge lime 
lRP 
80 
aD 
ns 
(Note 18) 


RAS pulse width 
tRAS 
100 
10,000 
120 
10,000 
ns 


Fast-page RAS pulse width 
lRASP 
100 
100,000 
120 
100,000 
ns 


RAS hold lime 
lRSH 
25 
30 
ns 


CAS precharge 
lime 
(nonpage cycle) 
lCPN 
10 
15 
ns 


Fasl-page CAS precharge 
lime 
lcp 
10 
25 
15 
30 
ns 


CAS pulse widlh 
lCAS 
25 
10,000 
30 
10,000 
ns 


CAS hold lime 
lCSH 
100 
120 
ns 


RAS 10 CAS delay 
lRCD 
25 
75 
25 
aD 
ns 
(Nole 4) 


CAS hiah 10 RAS low precharge lime 
lCRP 
10 
10 
ns 
(Nole 16) 
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AC Characteristics 
(cent) 


/4PD42214-10 
/4PD42214-12 


Parameter 
Symbol 
Min 
Max 
Mln 
Max 
Unit 
Test Conditions 


Timing Requirements 
(cont) 


Row address setup time 
tASR 
0 
0 
ns 


Row address hold time 
tRAH 
12 
15 
ns 


Column address setup time 
tASC 
0 
25 
0 
30 
ns 
(Note 15) 


Column address hold time 
tCAH 
15 
20 
ns 


RAS" to column address delay time 
tRAD 
11 
45 
20 
55 
ns 
(Notes 9 and 14) 


Column address to RAS" lead time 
lRAL 
55 
65 
ns 


Read command 
setup time 
tRCS 
0 
0 
ns 


Read command 
hold time after RAS" high 
tRRH 
10 
10 
ns 
(Note 6) 


Read command 
hold time after CAS high 
tRCH 
0 
0 
ns 
(Note 6) 


Write command 
setup time 
twcs 
0 
0 
ns 
(Note 1) 


Write command 
hold time 
tWCH 
20 
30 
ns 


Write command 
pulse width 
twP 
20 
25 
ns 
(Note 11) 


Write command 
to RAS lead time 
tRWL 
30 
35 
ns 


Write command 
to CAS lead time 
tCWL 
30 
35 
ns 


Data-in setup time 
tDs 
0 
0 
ns 
(Note 8) 


Data-in hold time 
tDH 
20 
25 
ns 
(Note 8) 


Column address to WE delay 
tAWD 
85 
100 
ns 
(Note 1) 


CAS to WE delay 
tcwD 
55 
65 
ns 
(Note 1) 


RAS to WE delay 
tRWD 
130 
155 
ns 
(Note 7) 


DE high to data-in setup delay 
tOED 
30 
35 
ns 


DE high hold time after WE low 
tOEH 
25 
30 
ns 


CAS before RAS" refresh setup time 
tCSR 
0 
0 
ns 


CAS before RAS" refresh hold time 
tCHR 
15 
20 
ns 


RAS high to CAS low precharge time 
tRPC 
0 
0 
ns 


Refresh interval 
tREF 
8 
8 
ms 
Addresses Ao through As 


DT low setup time 
tDLs 
0 
0 
ns 


DT low hold time after RAS" low 
tRDH 
80 
90 
ns 
(Note 18) 


DT low hold time after CAS low 
tCDH 
30 
35 
ns 


SC high to DT high delay 
tsDD 
10 
15 
ns 


SC low hold time after DT high 
tSDH 
10 
15 
ns 


Serial clock cycle time 
tscc 
30 
40 
ns 
(Note 11) 


SC pulse width 
tSCH 
10 
15 
ns 


SC precharge time 
tSCL 
10 
15 
ns 


DT high setup time 
tDHs 
0 
0 
ns 


DT high hold time 
tDHH 
15 
20 
ns 


DT high to RAS" high delay 
tDTR 
10 
10 
ns 


DT high to CAS high delay 
tDTC 
5 
5 
ns 


DE to RAS" inactive setup time 
tOES 
10 
10 
ns 


Write-per-bit 
setup time 
tWBS 
0 
0 
ns 
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"PD42274-10 
"PD42274-12 


Symbol 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


tWBH 
15 
20 
ns 


tFWS 
0 
0 
ns 


tFWH 
15 
20 
ns 


tws 
0 
0 
ns 


tWH 
15 
20 
ns 


tSOE 
10 
15 
ns 
II 


tsop 
10 
15 
ns 


tOTH 
15 
20 
ns 


Timing Requirements (cant) 


Write-per-bit hold time 


Flash write enable setup time 


Flash write enable hold time 


Write bit selection setup time 


Write bit selection hold time 


S5E pulse width 


S5E precharge time 


5f high hold time after RAS high 


Notes: 


(1) 
All voltages are referenced to GND. 


(2) An initiall'ause 
of 100 ps is required after power-up, followed by 
any eight RAS cycles and four data transfer (D1) cycles, before 
proper device operation is achieved. 


(3) See inpuVoutput timing waveforms for timing reference voltages. 
See figures 3 and 4 for output loads. 


(4) Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. The tRCD(max) Iimit is specified as a reference point 
only. IftRcD is greater than the specified tRCD(max) limit, access 
time is controlled exciusively by tCAC' tOEA, or tAA' 


(5) An output disable time defines the time at which the output 


achieves the open-circuit 
condition 
and is not referenced to 


output voltage levels. 


(6) Either tRRHor tRCH must be satisfied for a read cycle. 


(7) twcs, tAWD'tCWD, and tRWDare restrictive operating parameter 
in read-write and read-modify-write cycles only. if twcs 
'" twcs 
(min). the cycle is an early write cycie and the data output will 
remain open-circuit throughout the entire cycle. If tAWD'" tAWD 
(min), tCWD '" tCWD (min), and tRWD'" tRWD(min), the cycie is 
a read-write cycie and the data output will contain data readfrom 
the selected cell. If neither of the above conditions is met, the 
condition olthe data out (at accesstime and until CAS returns to 
VIH) is indeterminate. 


(8) These parameters are referenced to the fall~e~ 
of CAS In 


early write cycles and to the falling edge of 0NB/)WE in delayed 
write or read-modify-write cycles. 


(9) Assumes that tRAD (min) = tRAH (min) + typical tT of 5 ns. 


(10) VIH (min) and VIL (max) are reference levels for measuring the 
timing of input signals. Additionally, transition times are mea- 
sured between VIHand VIL' 


(11) The minimum specifications are used only to indicate the cycle 


time at which proper operation over the full temperature range 
(TA= 0 to +70°C) is assured. 


(12) Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If 


tRCD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRCD or tRAD 
exceeds the value shown. 


(13) Assumes that tRCD'" tRCD (max) and tRAD S tRAD (max). 


(14) 
If tRAD '" tRAD (max), then lhe access time is defined by tAA' 


(15) 
For fast-page read operation, the definition of access time is as 
follows. 


CAS and Column Address 
Input Conditions 


tcp S tcp (max). tASC'" tcp 


tcp S tcp (max). tASC s tcp 


tcP'" 
tcp (max), tASC stASC (max) 


tcp '" tcp (max), tASC '" tASC (max) 


(16) The tCRP requirement 
is applicable for RAS/CAS cycles pre- 


ceded by any cycle. 


(17) 
Parameter twP is applicable for a delayed write cycle such as a 
read-write/read-modify-write 
cycle. For early write 
operation, 


both twcs 
and twcH must be met. 


(18) 
Improvement in parameters tRDH,tRP and tSCA are planned for 
process versions "x" and "m". Please contact your NEC sales 
office for details. 


(19) Ac measurements assume tT = 5 ns. 
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pPD42275 


Dual-Port Graphics Buffer 


Description 


The flPD42275 is a dual-port graphics buffer equipped 
with a random access port and a serial read port. The 
serial read port is connected to an internal 2048-bit 
data register through a 256 x 8-bit serial read output 
circuit. The 128Kx 8-bit random access port is used by 
the host CPU to read or write data addressed in any 
desired order. A write-per-bit 
capability allows each of 


the eight 
data 
bits to 
be individually 
selected 
or 


masked for a write cycle. Block write cycles can also be 
used to write the eight data bits to four consecutive 
column addresses. Selection and masking of the eight 
data bits and four column addresses is provided. A 
flash write option with write-per-bit 
control 
enables 


data in the color register to be written to a selected row 
in the random access port. 


The flPD42275 features fully 
asynchronous 
dual ac- 


cess, except when transferring 
graphics data from a 


selected row of the storage array to the data register. 
During a data transfer, the random access port requires 
a special cycle using a transfer clock; the serial port 
continues 
to operate 
normally. 
R:>lIowingthe clock 


transition of a data transfer, serial output data changes 
from an old line to a new line and the starting location 
on the new line is addressable in the data transfer cycle. 


An advanced CMOS silicon-gate 
process using poly- 


cide technology 
and trench capacitors 
provides high 


storage cell density, high performance, and high reli- 
ability. Refreshing is accomplished by means of RAS- 
only refresh cycles or by normal read or write cycles on 
the 512 address combinations 
of Aothrough As during 


an 8-ms period. 
Automatic 
internal 
refreshing, 
by 


means of either hidden refreshing or the CAS before 
RAStiming and on-chip internal refresh circuitry, is also 
available. The transfer of a row of data from the storage 
array to the data register also refreshes that row auto- 
matically. 


All inputs 
and outputs, 
including 
clocks, are TTL- 


compatible. All address and data-in signals are latched 
on-chip to simplify 
system 
design. Data-out 
is un- 


latched 
to 
allow 
greater 
system 
flexibility. 
The 


flPD42275 is available in a 400-mil, 40-pin plastic SOJ 
and is guaranteed for operation at 0 to + 70°C. 


o Three functional blocks 
-128K 
x 8-bit random access storage array 


- 
2048-bit data register 
- 
256 x 8-bit serial read output circuit 
o Two data ports: random access and serial read 
o Dual-port accessibility except during data transfer 
o Addressable start of serial read operation 
o Real-time data transfer 
o On-chip substrate bias generator 
o Random access port 
- 
Two main clocks: RAS and CAS 
- 
Multiplexed address inputs 
- 
Direct connection of I/O and address lines 
allowed by OE to simplify system design 


- 
512 refresh cycles every 8 ms 
- 
Read, early write, late write, read-write/read- 
modify-write, RAS-only refresh, and fast-page 
cycles 
-Automatic 
internal refreshing by means of the 


CAS before RAS on-chip address counter 


- 
CAS-controlled 
hidden refreshing 
- 
Persistent and nonpersistant write-per-bit 
option 


regarding eight I/O bits 
- 
Write bit selection multiplexed on 100-107 
o Block write option with write-per-bit control and 


column mask function 


o Flash write option with write-per-bit control 
o Split serial data register to allow shifting from 
lower half while simultaneously loading upper half 
o RAS-activated data transfer 
-Same 
cycle time as for random access 


- 
Row data transferred to data register as 
specified by row address inputs 
-Starting 
location of following serial read cycle 


specified by column address inputs 
- 
Transfer of 2048 bits of data on one row to the 
data register, and the starting location of the 
serial read circuit, activated by a low-to-high 
transition of DT 
- 
Data transfer during real-time operation or 
standby of serial port 


o Fast serial read operation by means of SC pins 
o Serial data output on SOo - S07 
o Direct connection of multiple serial outputs for 
extension of data length 


o Fully TTL-compatible 
inputs, outputs, and clocks 
o Three-state outputs for random and serial access 
o CMOS silicon-gate process with trench capacitors 
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ftlEC 


Common fr 


VO 
Buffer 
I 


W7/1~ 


8 


Color 


Register 


Mask 


Register 


SOO 
SOl 
S02 


Serial 
S03 
OUlpu! 
Buffer 
S04 
SOS 
S06 
S07 


QSF 


__ 
VCC1,2 


--VSS1,2 


Sense Amps 


2048Cols 


~ 
AO-A8 


co 
'"e 
"0~ 


Storage 
Cell 
Array 


RAS 


CAS 
DT/OE 


WBIWE 
OSF1 
OSF2 


Ordering Information 


Row Access 
Serial 
Access 
Part Number 
Time (max) 
Time (max) 
Package 


JlPD42275LE-80 
80 ns 
25 ns 
40-pin 
plastic 


LE-10 
100 ns 
30 ns 
SOJ 


LE-12 
120 ns 
40 ns 


Symbol 


Ao-As 


WrflOo 
- W7110] 


RAS 


CAS 


WBfiiE 


DT/OE 


DSF1 and DSF2 


SOo-SO] 


SC 


S5E 


aSF 


VSS1 and VSS2 


VCC1 and VCC2 


NC 


Function 


Address inputs 


Write-per-bit 
selects/data 
inputs and outputs 


Row address strobe 


Column address strobe 


Write-per-bil/Wrlte 
enable 


Data transfer/output 
enable 


Special function 
enable 


Serial read outputs 


Serial control 


Serial output 
enable 


Special function 
output 


Ground 


+5-volt 
±10% power supply 


No connection 


Absolute Maximum Ratings 


Voltage on any pin except VCC 
relative to GND, VR1 


Voltage on Vcc 
relative to GND, VR2 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output 
current, los 


Power dissipation, 
Po 


-1.0 to + 7.0 V 


-1.0 to + 7.0 V 


Oto +70"C 


-55 to + 125°C 


SOmA 


1.5W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding 
the ratings 
could 
cause perma- 


nent 
damage. 
The device 
should 
be operated 
within 
the 
limits 


specified 
under DC and AC Characteristics. 
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Pin Configuration 


4O-Pin Plastic SOJ 


SC 


SOo 


SOl 


S02 


S03 
Dr/OE 


WO/lOo 
W1/101 


W2/102 
W3/103 
VCCl 


WBIWE 


NC 


RAS 


DSF2 
As 
Aa 
AS 


A4 


VCC2 


VSS1 
S07 


SOa 
SOs 
S04 
SOE 


W711~ 


Wa/iOa 
Ws/iOs 
W4/104 


VSS2 


DSF1 


NC 


CAS 


OSF 


AO 


A1 


A2 


A3 


A7 


Pin Functions 


Ao-As (Address Inputs). These pins are multiplexed as 
row and column address inputs. Each of eight data bits 
in the random 
access port corresponds 
to 131,072 


storage cells, which means that nine row addresses 
and eight column addresses are required to decode 
one cell location. Nine row addresses are first used to 
select one of the 512 possible rows for a read, write, 
data transfer, or refresh cycle. Eight column addresses 
are then used to select the one of 256 possible column 
decoders for a read or write cycle or the one of 256 
possible starting 
locations 
for the next serial read 


cycle. (Column addresses are not required in RAS-only 
refresh cycles.) 


WoIIOo-W7/107 (Write-Per-Bit 
Inputs/Common 
Data 


Inputs and Outputs). 
Each of the eight data bits can 


be individually 
latched by these inputs at the falling 


edge of RASin any w rite cycle, and then updated at the 
next falling edge of RAS. In a read cycle, these pins 
serve as outputs for the selected storage cells. In a 
write cycle, data input ~ 
these pins is latched by the 


falling edge of CAS or WE. 


RAS (Row Address 
Strobe). This pin is functionally 


equivalent to a chip enable signal in that whenever it is 
activated, the 2,048 storage cells of a selected row are 


sensed simultaneously 
and the sense amplifiers 
re- 


store all data. The nine row address bits are latched by 
this si~ 
and mus.!.E.e~able on or before its falling 


edge. CAS, DT/OE,WB/WE, DSF1and DSF2 are simul- 
taneously latched to determine device operation. 


CAS (Column Address Strobe). This pin serves as a 
chip selection signal to activate the column decoder 
and the input/output 
buffers. The eight column address 


bits are latched at the falling edge of CAS. 


QSF (Special 
Function 
Output). 
This pin indicates 


while side of the split register is active. QSF high shows 
that the upper half (addresses 128 through 
255) is 


active, while QSF low indicates the lower half (ad- 
dresses 0 through 127). 


DSF1and DSF2 (Special 
Function 
Control). 
At the 


leading edge of RAS and CAS, the high or low level of 
these pins is latched to initiate one of the operations 
shown in the Truth Table. Holding both pins low causes 
the device to operate without any special functions. 


WB/WE (Write-Per-Bit 
Control/Write 
Enable). At the 


falling edge of RAS,the WB/WE and DSF1inputs must 
be low and CAS and DT/OE ~h 
to enable the write- 


per-bit option. When CAS, DT/OEand DSF1are high at 
the falling edge of RAS,the level of this signal indicates 
either a color register set cycle or flash write cycle. A 
high WB/WE can be used at the beginning of a standard 
write or read cycle. 


DT/OE (Data Transfer/Output 
Enable). At the falling 


edge of RAS, CAS and WB/WE high and DT/OE low 
initiate a data transfer. D170E high initiates 
conven- 


tional 
read or write cycles and controls 
the output 


buffer in the random access port. The level of DSF1 
determines whether this is a read or split read data 
transfer. 


500-507 
(Serial Data Outputs). 
Eight-bit data is read 


from these pins and remains valid until the next SC 
signal is activated. 


SC (Serial Control). 
Repeatedly activating this signal 


causes serial read cycles (starting from the location 
specified 
in the data transfer cycle) to be executed 


within the 2,048 bits in the data register. The rising edge 
of SC activates serial read operation, in which eight of 
the 2,048 data bits are transferred to eight serial data 
buses, respectively, and read out. Whenever SC is low, 
the serial port is in standby. 


SOE (Serial Output 
Enable). This signal controls the 


serial data output buffer. 
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The pPD42275 consists of a random access port and a 
serial read port. The random access port executes 
standard read and w rite cycles, as well as data transfer, 
block write and flash write cycles, all of which are based 
on conventional 
RAS/CAStiming. 


In a data transfer, data in each storage cell on the 
selected row is transferred simultaneously 
through a 


transfer gate to its corresponding register location. The 
serial read port shows the contents of the data register 
in serial order. The random access and serial read ports 
can operate asynchronously, except when the transfer 
gate is turned on during the data transfer period. 


Addressing 


The storage array is arranged in a 512-row by 2048- 
column 
matrix, 
whereby each of 8 data bits in the 


random access port corresponds to 131,072 storage 
cells and 17 address bits are required to decode one 
cell location. Nine row address bits are set up on pins 
Aothrough Aa and latched onto the chip by RAS. Eight 
column address bits then are set up on pins Aothrough 
A7 and latched onto the chip by CAS. All addresses 
must be stable, on' or before the falling edges of RAS 
and CAS. Whenever RASis activated, 2048 cells on the 
selected row are sensed simultaneously and the sense 
amplifiers automatically 
restore the data CAS serves 


as a chip selection signal to activate the column de- 
coder and the input and output buffers. 


Through 1 of 256 column decoders, 8 storage cells on 
the row are connected to 8 data buses, respectively. In 
a data transfer cycle, 9 row address bits are used to 
select 1 of the 512 possible rows involved in the transfer 
of data to the data register. Eight column address bits 
are then used to select the 1 of 256 possible serial 
decoders that corresponds to the starting 
location of 


the next serial read cycle. In the serial read port, when 
SC is activated, 8 data bits in the 2048-bit data register 
are transferred to 8 serial data buses and read out. 
Activating 
SC repeatedly 
causes serial read cycles 


(starting from the location specified in the data transfer 
cycle) to be executed within the 2048 bits in the data 
register. 


Random Access Port 


An operation in the random access port begins with a 
negative transition 
of RAS. Both RAS and CAS have 


minimum pulse widths, as specified in the timing table, 
which must be maintained for proper device operation 
and data integrity. Once begun, a cycle must meet all 


specifications, 
including 
minimum cycle time. To re- 


duce the number of pins, the following are multiplexed. 


• D170E 
• WB/WE 
• W;Jl0i (i = 0, 1,2,3,4,5,6,7) 


The OE,WE and lei functions represent standard oper- 
ations, while D1; WB, and Wi are special inputs to be 
applied in the same way as row address inputs, with 
setup and hold times referenced to the negative tran- 
sition of RAS. 


The level of DT determines whether a cycle is a random 
access operation 
or a data transfer 
operation. 
WB 


affects only write cycles and determines whether or not 
the write-per-bit capability is used. Wi defines data bits 
to be written with the write-per-bit option. In the follow- 
ing discussions, these multiplexed pins are designated 
as DT(/OE), for example, depending on the function 
being described. 


To use the pPD42275 for random access, DT(lOE) must 
be high as RASfalls. Holding DT(lOE) high disconnects 
the 2048-bit register from the corresponding 2048-digit 
lines of the storage array. Convers~to 
execute a data 


transfer, DT(lOE) must be low as RASfalls to open the 
2048 transfer gates and transfer data from one of the 
rows to the register. 


Glossary of Special Functions 


Masked Write Cycle with New Mask. When the write- 
per-bit function 
is enabled as shown in the following 


table, mask data on the W/10i pins is latched by RAS 
and loaded directly 
into the write 
mask register. A 


masked write cycle is then executed 
using CAS or 


WB/WE to strobe the W/lOj data into the on-chip data 
latch. 


Action 


Write 


Do not write 


Write Mask Register Set Cycle. In this cycle, data on 
W;Jl0iis written to an 8-bit write mask register, where it 
is retained and used by subsequent masked write and 
masked block write cycles. 


Masked Write Cycle with Old Mask. This write-per-bit 
cycle, commonly referred to as a persistent mask write 
cycle, uses the mask data previously set by the last 
write mask register set cycle. 
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Truth Table for Random Access Port 


Must Be Valid at failing Edge of RAS 
Must be valid at Falling Edge of CAS 


Cycle 
CAS 
DT/OE 
WB/WE 
DSF1 
DSF2 
DSF1 
Mnemonic Code 


Read/writecycle 
H 
H 
H 
L 
X 
L 
RW 


Blockwrite cycle 
H 
H 
H 
L 
X 
H 
BW 


Write maskregister set cycle 
H 
H 
H 
H 
X 
L 
LWR 


Color register set cycle 
H 
H 
H 
H 
X 
H 
LCR 


Write cyclewith new mask 
H 
H 
L 
L 
X 
L 
RWNM 


Blockwrite cyclewith new mask 
H 
H 
L 
L 
X 
H 
BWNM 


Write cyclewith old mask 
H 
H 
L 
H 
L 
L 
RWOM II 


Blockwrite cyclewith old mask 
H 
H 
L 
H 
L 
H 
BWOM 


Readdata transfer cycle 
H 
L 
H 
L 
X 
X 
RT 


Split read data transfer cycle 
H 
L 
H 
H 
X 
X 
SRT 


CAS before RASrefreshcycle 
L 
X 
H 
X 
X 
X 
CBR 


Flashwrite cyclewith new mask 
H 
H 
L 
H 
H 
·X 
FWT 


Notes: 


(1) X = don't care. 


(2) Combinations not shown are usedfor refreshoperation. 


Column Select 
By I/O Data 
Result 
Corresponding Column Address 


1/°3 = 1 
Write 
A1 = I, Ao = 1 


1/03 = 0 
No write 


1/02 = 1 
Write 
Al = 1, Ao = 0 


1/02 = 0 
No Write 


1/01 = 1 
Write 
A1 = 0, Ao = 1 


1/01 = 0 
No write 


1/00 = 1 
Write 
Al = 0, Ao = 0 


1/00 = 0 
Nowrite 


Notes: 


(1) Dataon 1/°7, 1/°6, 1/°5 and 1/°4 aredon't careat the falling edge 


of CAS. 


Color 
Register 
Set Cycle. 
This cycle is executed 
in the 


same fashion 
as a conventional 
read or write cycle, with 


a read 
or write 
cycle 
available 
to the 
color 
register 


under 
the 
control 
of 
WE. 
In read 
operation, 
color 


register 
data is read on the common 
W/10i pins. In write 


operation, 
common 
W/lOi 
data can be written 
into the 


color 
register. 
RAS-only 
refreshing 
is internally 
per- 
formed 
on the 
row 
selected 
by Ao through 
As. This 


setup 
cycle precedes 
the first flash write 
or block write 


cycle supplying 
the eight write 
data 
bits. 


Block 
Write 
Cycle. 
In a block write 
cycle, Al and Ao are 


ignored. 
1/00 - 1/03 are used to select 
one or a combi- 


nation 
of four 
column 
address(es) 
for 
writing 
in an 


early 
write, 
late write, 
page 
early 
write, 
or page 
late 


write 
cycle. 
Block write 
data is previously 
stored 
in the 


color 
register 
using 
a set color 
register 
cycle. 
Column 


select 
data 
is latched 
by the W/10i pins 
at the falling 


edge 
of CAS or WE. Block 
write 
cycles 
are useful 
for 


clearing 
windows 
and for accelerating 
polygon 
fill op- 


erations. 


Masked 
Block 
Write 
Cycle 
with 
New Mask. 
This cycle 


allows for W/l/Oo - W/I/O? masking 
during 
a block 
write 


cycle. The masking 
function 
is identical 
to a standard 


masked 
write 
cycle 
with 
new 
mask, 
except 
that 
four 
consecutive 
columns 
are written. 


Masked 
Block 
Write 
Cycle 
with 
Old 
Mask. 
This 
cycle 


uses the masked 
data 
previously 
set by the 
last write 


mask 
register 
set cycle 
to write 
four 
consecutive 
col- 


umns. 


Flash 
Write 
Cycle. 
A flash write 
cycle 
can clear 
or set 


each of the eight 256-bit 
data sets on the selected 
one 


of 512 possible 
rows 
according 
to data 
stored 
in the 


previously 
set 
color 
register. 
Bit 
mask 
inputs 
are 


latched 
as RAS. This 
cycle 
is useful 
in graphics 
pro- 


cessing 
applications 
when 
the 
screen 
should 
be 


cleared 
or set to 
some 
uniform 
value 
as quickly 
as 


possible. 


Read 
Data 
Transfer 
Cycle. 
In a full 
row 
read 
data 


transfer 
cycle, 
one of the possible 
512 rows, as well as 


the starting 
location 
of the following 
serial 
read cycle, 


is defined 
by address 
inputs. 
The low-to-high 
transition 


of 
DT/(OE) 
causes 
the 
2048 
bits 
of 
cell 
data 
to 
be 


transferred 
to the serial 
data 
register. 
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Split Read Transfer Cycle. This cycle is a half row data 
transfer 
in which one of the 512 rows, the starting 


location of the following serial read cycle, and either of 
the split registers are specified by the address inputs. 
On-chip control circuitry 
causes the previously speci- 
fied half row to be transferred to the selected upper or 
lower split register. 


Read Cycle. A read cycle is executed 
by activating 


RAS, CAS, and OE and by maintaining (WB/)WE while 
CAS is active. The (WV)IOjpin (i = 0 through 7) remains 
in high impedance 
until valid data appears at the 


output at access time. Device access time, tACC,will be 
the longest of the following four calculated intervals: 


• tRAC 
• 
RASto CAS delay (tRCO)+ tCAc 


• 
RASto column address delay (tRAO)+ tAA 


• 
RASto OE delay + tOEA 


Access times from RAS (tRAd, from CAS (tcAd, from 
the column addresses (tAA), and from OE (tOEAl are 
device parameters. The RAS-to-CAS, RAS-to-column 
address, and RAS-to-OE delays are system-dependent 
timing 
parameters. 
Output 
becomes valid after the 


access time has elapsed and it remains valid while both 
CAS and OE are low. Either CAS or OE high returns the 
output pins to high impedance. 


Write Cycle. A write cycle is executed 
by bringing 


(WB/)WE low du~ 
the RAS/CAS cycle. The falling 


edge of CAS or (WB/)WE strobes the data on (WV)IO; 
into the on-chi~a~atch. 
To make use of the write- 


per-bit option, WB(lWE) must be low as RASfalls. Inthis 
case, write 
data bits can be specified 
by keeping 


Wi(/IO~ high, with setup and hold times referenced to 
the negative transition of RAS. 


Write-Per-Bit Cycle. The falling edge of RASlatches the 
write-per-bit mask data input on Wethrough W7.If DSFl 
is low at the falling edge of RAS, mask data must be 
reloaded every write-per-bit mask cycle. If DSFl is high 
and DSF2 is low at the falling edge of RAS,mask data is 
not reloaded from We through W7 but is retained from 
the previous write mask set cycle. The latter is called a 
persistent write-per-bit cycle. 


Early Write Cycle. An early write cycle is executed by 
bringing (WB/)WE low before CAS falls. Data is strobed 
by CAS, with setup and hold times referenced to this 
signal, and the output remains in high impedance for 
the entire cycle. As RAS falls, (DT/)OE must meet the 
setue..i\nd 
hold times of a high DT, but otherwise 


(DT/)OEdoes not affect any circuit operation while CAS 
is active. 


Read-Write/Read-Modify-Write 
Cycle. This cycle is ex- 


ecuted by bringing (WB/)WE low with the RASand CAS 
signals low. (WV)IOjshows read data at access time. 
Afterward, in preparation for the upcoming w rite cycle, 
(W;/)IOjreturns to high impedance when iQI/)OE goes 
high. The data to be written is strobed by (WB/)WE,with 
setup and hold times referenced to this signal. 


Late Write Cycle. This cycle shows the timing flexibility 
of (DT/)OE,which can be activated just after (WB/)WE 
falls, even when (WB/)WE is brought low after CAS. 


Refresh Cycle. A cycle at each of the 512 row ad- 
dresses (Aothrough Aa)will refresh all storage cells. Any 
cycle executed 
in the random access port (i.e., read, 


write, refresh, data transfer, color register set, flash 
write or block write) refreshes the 2048 bits selected by 
the RAS addresses or by the on-chip address counter. 


RAS-Only Refresh Cycle. A cycle having only RAS 
active refreshes all cells in one row of the storage array. 
A high CAS is maintained while RAS is active to keep 
(Wj/)IOjin high impedance. This method is preferred for 
refreshing, especially when the host system consists of 
multiple 
rows of random 
access devices. The data 


outputs may be OR-tied with no bus contention when 
RAS-only refresh cycles are.executed. 


CAS Before RAS Refresh Cycle. This cycle executes 
internal refreshing using the on-chip control circuitry. 
Whenever CAS is low as RASfalls, this circuitry 
auto- 


matically refreshes the row addresses specified by the 
internal 
counter. In this cycle, the circuit 
operation 


based on CAS is maintained 
in a reset state. When 


internal 
refreshing is complete, the address counter 


automatically 
increments in preparation for the next 


CAS before RAS cycle. 


Hidden Refresh Cycle. This cycle is executed after a 
read cycle, without 
disturbing 
the read data output. 


Once valid, the data ou~ 
is controlled 
by CAS and 


OE.After the read cycle, CAS is held low while RASgoes 
high for precharge. A RAS-only cycle is then executed 
(except that CAS is held at a low level instead of a high 
level) and the data output remains valid. Since hidden 
refreshing is the same as CAS before RAS refreshing, 
the data output remains valid during either operation. 


Fast-Page Cycle. This feature allows faster data access 
by keeping the same row address while successive 
column addresses are strobed onto the chip. Maintain- 
ing RAS low while successive CAS cycles are executed 
causes data to be transferred at a faster rate because 


t-IEC 


row addresses are maintained internally 
and do not 
have to be reapplied. 
In fast-page 
operation, 
read, 
write and read-write/read-modify-write 
cycles may be 


executed. Additionally, the write-per-bit 
control speci- 


fied in the entry write cycle is maintained throughout 
the next fast-page write cycle. 


During a fast-page read cycle, the ry.J:/)IOidata pin (i = 
o through 7) remains in a state of high impedance until 
valid data appears at the output pin at access time. 
Device access time in this cycle wiIIbe the longest of the 
following intervals: 


• tACP 
• tcp + tT + tCAC 
• 
CAS high to column address delay +tM 


Serial Read Port 


The serial read port is used to serially read the previ- 
ously loaded contents of the data register starting from 
a specified 
location. 
Other graphics 
buffers require 


very tight 
timing 
to synchronize 
this port with the 


random access port, but the flPD42275 has been de- 
signed with a split register to eliminate the need for 
synchronized timing between the two ports. 


Split 
Register 
Data Transfer. A review of the split 


register architecture shows that the lower register (ad- 
dresses 0 - 127) and upper register (addresses 128 - 
255) are selected by the most significant 
bit of the 


column addresses (A7)'With the serial port split in half, 
data transfers can be executed to the inactive side (no 
SC clocks) while SC clocks are input to access data 
from the active side. This sequence allows for a longer 
time window to perform the transfer, i.e., 128x tscc, or 
3.84 fls. Column address bits Aothrough Aeare latched 
on-chip to provide the tap address pointer for each split 
register. 


QSF Special Function Output. This pin outputs a sig- 
nal indicating which half of the data register is active 
and is synchronized with the SC clock. 


Split Data Transfer Cycle 
MostSignificantBit (A7l 
Portionof Split Register 
QSF 


a 
athrought27 
Low 


128through255 
High 


Notes: 
(1) A full datatransfercyclemustprecedeall split registeropera- 


tions. 
(2) ColumnaddressA7mustbespecifiedfor a split datatransfer 


cycle. 


Data in the data register is clocked serially 
by SC, 


starting from the first specified address of either regis- 
ter. After the last specified 
address has been trans- 


ferred, QSF changes its level at the next rising edge of 
SC and serial data transfer switches to the other (for- 
merly inactive) register. Serial data output 
is main- 


tained until the next SC clock. 


SC clocks at the transition point, i.e.,the end of one half 
and the beginning of the new half of the split registers, 
are restricted. Rising edges of the SC clock are not 
allowed for the last serial address (either 127 or 255) of 
the active register and for the first address (any address 
depending 
on current 
address pointer) 
of the next 


active register (figure 2). 


SOE controls impedance of the serial output to allow 
multiplexing 
of more than one bank of flPD42275s on 


the same bus and has no effect on SC. When SOE is 
low, SOi is disabled and in a state of high impedance. 


Recommended Operating Conditions 
Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supplyvoltage 
Vcc 
4.5 
5.0 
5.5 
V 
Inputvoltage,high 
V1H 
2.4 
5.5 
V 
Inputvoltage,low 
VIL 
-1.0 
0.8 
V 


Ambienttemperature TA 
a 
70 
·C 
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An Exampla 
of Data Transfer 
and Split 
Register 
Transfer 
Sequence 
CD 
(1) 
® 


Cycle; 
CD 
A full line data transfer 
is required 
before 
a sequence 
of split register 
transfers 


The column 
address 
specified 
during 
this data transfer 
selects 
the lower or upper 
side data register 
from which 
serial data will be output 
This is called 
the active 
side serial register. 
® ® 
Set the address 
pointer 
and perform 
a split register 
transfer 
to the inactive 
side register. 


Detailed 
Timing 
Diagram 
CD Data Transfer 
cycle 
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® Split Data Transfer 
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J 
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NEe 
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/ 


CAS -----------~~ 


tssc~~..:---------t'CSD 
Z0f< wm_ 
IJ 


Note: 


[1] 
For split register transfers, 
there is a restriction 
on the SC clocks at the transition 
point 
from the end of one half to the beginning of the other half split register. 
Rising edges of 
the SC dock are not allowed for the last serial address of the Idle split register (127 or 255). 


Capacitance 
TA = 0 to +70·C; vcc = + 5.0 V ±10%; f = 1 MHz; GND = 0 V 


Parameter 
Symbol 
Limit 
(max) 
Unit 
Pins Under Test 


Input capacitance 
CI(A) 
5 
pF 
Ao through As 


CI(DT/OE) 
8 
pF 
D170E 


CI(WBiWE) 
8 
pF 
WBI'NE 


CI(DSF) 
8 
pF 
DSF1 and DSF2 


CI(RAS) 
8 
pF 
RAS 


CI(CAs) 
8 
pF 
CAS 


CI(SOE) 
8 
pF 
SOE 


CI(SC) 
8 
pF 
SC 


Input/output 
capacitance 
CIO(W/¥J) 
7 
pF 
WoIlOo through 
W7/1O] 


Output 
capacitance 
Co (SO) 
7 
pF 
SOo through SO] 


Co (QSF) 
7 
pF 
QSF 
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Power Supply 
Current 
TA = 0 to + 70'C; VCC = +5.0 V :!:10%; GND = 0 V 


Port Operation 


Random Access 
Serial 
Read 
Parameter 
-80 
(max) 
-10 (max) 
-12 (max) 
Unit 
Test Conditions 


Read/write 
cycle 
Standby 
ICCl 
85 
70 
60 
mA 
RAS and CAS cycling; 
DSF1 


and DSF2 low as RAS falls; 
tRC = tRC mini SOE = V,H; 
SC = VIH or V,L 


Standby 
Standby 
ICC2 
10 
10 
10 
mA 
DOUT = high impedance; 
address cycling; tRC = tRC min; 
CAS = RAS = VIH; 
SOE = VIH; SC = V,H or VIL 
(Note 4) 


RAS-only refresh 
Standby 
ICC3 
85 
70 
60 
mA 
RAS cycling; 
CAS = VIH; DSF1 
cycle 
and DSF2 low as RAS falls; tRC 
= tRC min; SOE = VIH; 
SC = VIH or VIL (Note 2) 


Fast-page cycle 
Standby 
ICC4 
75 
65 
55 
mA 
RAS = VIL; CAS cycling; 
tpc = tpc min; SOE = VIH; 
SC = VIH or V,L (Note 3) 


CAS before RAS 
Standby 
Iccs 
85 
70 
60 
mA 
CAS low as RAS falls; 
refresh cycle 
tRC = tRC min; SOE = VIH; 
SC = VIH or VIL 


Data transfer 
cycle 
Standby 
Icce 
105 
90 
70 
mA 
DT low as RAS falls; 
tRC = tRC min; SOE = VIH; 
SC = VIH or VIL 


Read/Write cycle 
Active 
ICC7 
120 
100 
85 
mA 
RAS and CAS cycling; 
DSF1 


and DSF2 low as RAS falls; 
tRC = tRC min; SOE = VIL; 
SC cycling; tscc 
= tscc 
mln 


Standby 
Active 
ICC8 
40 
35 
30 
mA 
DOUT = high impedance; 
address cycling; tRC = tRC mini 
CAS = RAS = VIH; 
SOE = VIL; SC cycling; 
tscc 
= tscc 
min (Note 4) 


RAS-only refresh 
Active 
ICC9 
120 
100 
85 
mA 
RAS cycling; 
CAS = VIH; DSFl 
cycle 
and DSF2 low as RAS falls; 
tRC = tRC mini SOE = VIL; 
SC cycling; tscc 
= tscc 
min 


Fast-page cycle 
Active 
ICC10 
110 
95 
75 
mA 
RAS = VIL; CAS cycling; 
tpc = tpc min; SOE = VIL; 
SC cycling; tscc 
= tscc 
min 
(Note 3) 


CAS before RAS 
Active 
ICCll 
120 
100 
85 
mA 
CAS low as RAS falls; 


refresh cycle 
tRC = tRC min; SOE = VIL; 
SC cycling; tscc 
= tscc 
min 


Data transfer 
cycle 
Active 
ICC12 
140 
120 
95 
mA 
DT low as RAS falls; tRC = tRC 
min; SOE = VIL; SC cycling; 
tscc 
= tscc 
min 


Color register set 
Standby 
ICC13 
80 
65 
55 
mA 
tRC = tRC min; SOE = VIH; 
cycle 
SC = VIH or VIL 


Flash write cycle 
Standby 
ICC14 
80 
65 
55 
mA 
tRC = tRC min; SOE = VIH; 
SC = V,H or VIL 


Color register set 
Active 
ICC1S 
115 
95 
80 
mA 
tRC = tRC min; SOE = VIL; 
cycle 
SC cycling; tscc 
= tscc 
min 
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Power Supply Current (cont) 


Port Operation 


Random Access 
Serial 
Read 
Parameter 
-80 
(max) 


ICC16 
115 


Notes: 


(1) No load on 10jorSOj. 
Except for ICC2,ICC3' ICC6' and ICC14' real 
values depend on output 
loading in addition 
to cycle rates. 


(2) CAS is not clocked, but is kept at a stable high level. The column 
addresses are also assumed to be kept stable, at either a high or 
low level. 


-10 (max) 


95 


-12 
(max) 


80 


Unit 
Test Conditions 


mA 
tRC = tRC min; SOE = Vll; 
SC cycling; tscc 
= tscc 
min 


mA 
tRC = tRC min; SOE = VIH; 
SC = VIH or Vil 


mA 
tRC = tRC min; SOE = Vll; 
SC cycling; tscc 
= tscc 
min 


(3) A change in column addresses must not occur more than once In 
a fast-page 
cycle. 


(4) A change in row addresses must not occur more than once in a 
read or write cycle. 


DC Characteristics 
TA = 0 to +70 'C; VCC = +5.0 V ±10%; GND = 0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Input leakage current 
III 
-10 
10 
J.lA 
VIN = 0 to 5.5 V; all other pins 
not under test = 0 V 


Output 
leakage current 
10l 
-10 
10 
J.lA 
DOUT (IOj, SO~ disabled; 
VOUT = Ot05.5V 


Random access port output voltage, 
high 
VOH(A) 
2.4 
V 
10H(A) = -1 mA 


Random access port output voltage, 
low 
VOl(A) 
0.4 
V 
10l(A) = 2.1 mA 


Serial read port output voltage, 
high 
VOH(S) 
2.4 
V 
10H(S)= -1 mA 


Serial read port output voltage, 
low 
VOl(S) 
0.4 
V 
10l(S) = 2.1 mA 


"PD42275-10 


Mln 
Max 


"PD42275-12 


Mln 
Max 


Switching Characteristics 


Access time from column address 
tAA 


Access time from rising edge of 
tACP 
CAS 


Access time from RAS 
tRAC 


Access time from falling 
edge of 
tCAC 
CAS 


Access time from CAS, 
tCAC 
mask register 
read cycle 


Access time from OE 
tOEA 


Output 
disable time from CAS high 
tOFF 


Output 
disable time from OE high 
tOEZ 


Serial output 
access time from SC 
tSCA 


Serial output 
access time from 
tSOA 
SOE 


Serial output 
disable time from 
tsoz 
SOE high 


65 
ns 
(Notes 3 and 4) 


65 
ns 
(Notes 3 and 4) 


120 
ns 
(Notes 3 and 4) 


30 
ns 
(Notes 3 and 4 


35 
ns 
(Note 14) 


30 
ns 
(Notes 3 and 4) 


30 
ns 
(Note 5) 


30 
ns 
(Note 5) 


40 
ns 
(Note 3) 


30 
ns 
(Note 3) 


20 
ns 
(Note 5) 
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AC Characteristics 
(cant) 


"PD42275-80 
"PD42275-10 
"PD42275-12 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Switching Characteristics 
(cont) 


Serial output 
hold time after SC 
tSOH 
5 
7 
7 
ns 
high 


SOE low to serial output 
setu p 
tsoo 
5 
5 
5 
ns 
delay 


Timing Requirements 


Random read or write cycle time 
tRC 
160 
190 
220 
ns 
(Note 11) 


Read-writefread-modify-write 
tAWC 
220 
255 
295 
ns 
(Note 11) 


cycle time 


Fast-page cycle time 
tpc 
50 
60 
70 
ns 
(Note 11) 


Fast-page read-writefread-modify- 
tpAWC 
105 
125 
145 
ns 
(Note 11) 
write 
cycle time 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
3 
50 
ns 
(Notes 3 and 10) 


RAS precharge time 
tRP 
70 
80 
90 
ns 


RAS pulse width 
tRAS 
80 
10,000 
100 
10,000 
120 
10,000 
ns 


Fast-page RAS pulse width 
tRASP 
80 
100,000 
100 
100,000 
120 
100,000 
ns 


RAS hold time 
tRSH 
20 
25 
30 
ns 


CAS precharge time 
tCPN 
10 
10 
15 
ns 
(nonpage cycle) 


Fast-page CAS pre charge time 
tcp 
10 
10 
15 
ns 


CAS pulse width 
tCAS 
25 
10,000 
30 
10,000 
35 
10,000 
ns 


CAS hold time 
tCSH 
80 
100 
120 
ns 


RAS to CAS delay time 
tRCD 
22 
60 
25 
75 
25 
90 
ns 
(Note 4) 


RAS to CAS delay time, 
tRCD 
22 
55 
25 
70 
25 
85 
ns 
(Note 14) 
mask register 
read cycle 


CAS high to RAS low pre charge 
tCRP 
10 
10 
10 
ns 
(Note 12) 
time 


RAS high to CAS low pre charge 
tRPC 
a 
a 
a 
ns 
time 


RAS low to SC high delay 
tRSD 
85 
105 
125 
ns 
(Note 18) 


CAS low to SC high delay 
tCSD 
45 
55 
65 
ns 
(Notes 16 and 18) 


Address to SC high delay 
tASD 
55 
65 
75 
ns 
(Notes 16 and 18) 


Row address setup time 
tASR 
a 
a 
a 
ns 


Row address hold time 
tRAH 
12 
12 
15 
ns 


Column address setup time 
tASC 
a 
a 
a 
ns 


Column address hold time 
tCAH 
15 
20 
25 
ns 


RAS to column address delay time 
tRAD 
17 
17 
20 
ns 
(Note 9) 


Column address to RAS lead time 
tRAL 
45 
55 
65 
ns 


Read command 
setup time 
tRCS 
a 
a 
a 
ns 


Read command 
hold time after 
tRRH 
a 
a 
a 
ns 
(Note 6) 


RAS high 


Read command 
hold time after 
tRCH 
a 
a 
a 
ns 
(Note 6) 
CAS high 
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AC Characteristics 
(cont) 


"PD42275-80 
"PD42275-10 
"PD42275-12 


Parameter 
Symbol 
Mln 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Timing Requirements (cont) 


Write command 
setup time 
twcs 
0 
0 
0 
ns 
(Note 7) 


Write command 
hold time 
tWCH 
15 
20 
25 
ns 


Write command 
pulse width 
twP 
15 
20 
25 
ns 
(Note 13) 


Write command to RAS lead time 
tAWL 
30 
30 
35 
ns 


Write command to CAS lead time 
tCWL 
30 
30 
35 
ns 


Data-in setup time 
tDS 
0 
0 
0 
ns 
(Note 8) 
II 


Data-in hold time 
tDH 
15 
20 
25 
ns 
(Note 8) 


Column address to WE delay 
tAWD 
70 
85 
100 
ns 
(Note 7) 


CAS to WE delay 
tCWD 
45 
55 
65 
ns 
(Note 7) 


RAS to WE delay 
tAWD 
105 
130 
155 
ns 
(Note 7) 


OE high to data-in setup delay 
tOED 
20 
25 
30 
ns 


OE high hold time after WE low 
tOEH 
20 
25 
30 
ns 


CAS before RAS refresh setup time 
tCSR 
0 
0 
0 
ns 


CAS before RAS refresh hold time 
tCHR 
12 
12 
15 
ns 


Refresh interval 
tREF 
8 
8 
8 
ms 
Addresses Ao 
through As 


DT low setup time 
tDLS 
0 
0 
0 
ns 


DT low hold time after RAS low, 
tRDH 
65 
80 
95 
ns 
(Note 15) 
serial port active 


DT low hold time after RAS low, 
tRDHS 
12 
12 
15 
ns 
(Notes 16 and 18) 
serial port in standby, 
split data transfer 


DT low hold time after CAS low 
tCDH 
25 
30 
35 
ns 
(Note 15) 


DT low hold time after address 
tADD 
35 
40 
45 
ns 
(Note 15) 


SC high to CAS low delay 
tssc 
10 
10 
10 
ns 
(Notes 16 and 18) 


SC high to DT high delay 
tSDD 
0 
0 
0 
ns 
(Note 15) 


SC low hold time after DT high 
tSDH 
15 
20 
25 
ns 
(Note 15) 


SC low hold time after RAS high 
tSDHR 
25 
30 
40 
ns 
(Note 16) 


Serial clock cycle time 
tscc 
25 
30 
40 
ns 
(Note 11) 


SC pulse width 
tSCH 
7 
10 
15 
ns 


SC precharge time 
tSCL 
7 
10 
15 
ns 


DT high setup time 
tDHS 
0 
0 
0 
ns 


DT high hold time 
tDHH 
12 
12 
15 
ns 


DT high to RAS high delay 
tDTR 
0 
0 
0 
ns 
(Note 15) 


DT high pulse width 
tDTP 
25 
30 
35 
ns 


OE to RAS inactive setup time 
tOES 
10 
10 
10 
ns 


Write-per-bit 
setup time 
tW8S 
0 
0 
0 
ns 


Write-per-bit 
hold time 
tW8H 
12 
12 
15 
ns 


Write bit selection 
setup time 
tws 
0 
0 
0 
ns 


Write bit selection 
hold time 
tWH 
12 
12 
15 
ns 
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Timing Requirements 
(cont) 


S5E pulse width 


S5E precharge time 


DSF1 setup time from RAS 


DSF2 setup time from RAS 


tSOE 


tsop 


tFRS1 


tFRS2 


DSF1 hold time from RAS 


DSF2 hold time from RAS 


DSF1 setup time from CAS 


DSF1 hold time from CAS 


Propagation delay time from SC 
to QSF 


Propagation delay time from D170E 
to QSF 


Propagation delay time from RAS 
to QSF 


RAS to QSF delay time 


CAS to QSF delay time 


tFRH1 


tFRH2 


tFCS1 


tFCH1 


tpo 


tROD 


tcoo 


"PD42275-S0 


Min 
Max 


"PD42275-10 


Mln 
Max 


"PD42275-12 


Mln 
Max 


7 
10 
15 
ns 


7 
10 
15 
ns 


0 
0 
0 
ns 


0 
0 
0 
ns 


12 
12 
15 
ns 


12 
12 
15 
ns 


0 
0 
0 
ns 


15 
20 
25 
ns 


25 
30 
40 
ns 


35 
45 
55 
ns 
(Note 20) 


45 
55 
70 
ns 
(Note 20) 


105 
135 
155 
ns 
(Notes 16 and 19) 


70 
85 
100 
ns 
(Notes 16 and 19) 


Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100ps is required after power-up, followed by 
any 
eight 
RAS cycles, 
before 
proper 
device 
operation 
is 
achieved. 


(3) See figures 3 and 4 for reference voltages and figures 5 and 6 for 
output loads. 


(4) Operation within the tRCO (max) limit ensures that tRAC (max) 
can be met. ThetRCO (max) limit is specified as a reference point 
only. If tRCO is greater than the specified 
tRCO (max) limit, 
access time is controlled exclusively by tCAC or tAA' 


(5) An output 
disable time defines the time at which the output 
achieves the open-circuit 
condition 
and is not referenced to 
output voltage levels. 


(6) Either tRRH or tRCH must be satisfied for a read cycle. 


(7) twcs, 
tcwo, 
and tRWOare restrictive 
operating 
parameters in 
read-write and read-modify-write 
cycles only. ~ twcs 
'" 
twcs 
(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. ~tcwo 
'" tcwo 


(min) and tRWO'" tRWO(min), the cycle is a read·write cycle and 
the data output will contain data read from the selected cell. ~ 
neither of the above conditions is met, the condition of the data 
output (at access time and until CAS returns to V1Hlis indeter- 
minate. 


(8) These parameters are referenced to the fall~ 
e~ 
of CAS in 
early write cycles and to the falling edge of rNBI)WE in delayed 
write or read-modify-write 
cycles. 


(9) Assumes that tRAO (min) = tRAH (min) + typical tT of 5 ns. 


(10) VIH (min) and VIL (max) are reference levels for measuring the 


timing of input signals. Additionally, 
transition 
times are mea- 


sured between VIH and V1L. 


(11) The minimum specifications 
are used only to indicate the cycle 


time at which proper operation over the full temperature range 
(TA= 0 to +70°C) is assured. 


(12) The tCRP requirement 
is applicable 
for RAS/CAS cycles pre- 
ceded by any cycle. 


(13) Parameter twP is applicable for a delayed write cycle such as a 


read·write/read-modify-write 
cycle. For early write 
operation, 


both twcs 
and tWCH must be met. 


(14) Only for mask register 
read operation 
during 
register 
read 
cycles. 


(15) For rea~time data transfer 
operation 
(data transfer 
with 
SC 


active). 


(16) For read data transfers with serial port in standby. 


(17) Ac measurements assume tT = 5 ns. 


(18) For split data transfer cycles. 


(19) If tCOHs tCOH(min) or tROHSstROH (min), then the delay time 


for the 
switching 
of QSF is determined 
by tROD or teoo, 


whichever occurs later. 


(20) ~teOH '" teOH (min) andtROHS '" tROH(min), then the switching 


delay time of QSF is determined 
by toa~ or tOOR,whichever 
occurs first. 
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Output Timing 
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Timing Waveforms 
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Timing Waveforms (cant) 


Early Write Cycle and Early Block Write Cycle With Old Mask 
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Timing Waveforms (cont) 
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Cycle 
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Timing Waveforms (cant) 
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Timing Waveforms (cant) 
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Timing Waveforms (cont) 


Fast-Page Late Write Cycle and Fast-Page Late Block Write Cycle 
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Notes: 


[1J Read, late write, RMW, and hidden refresh cycles are also available. 


[2) Specifications 
are exactly the same as read, late write, RMW, 
and hidden refresh cycles except 
DSF1 
is high at RAS leading edge for 


register set eycles 


[3) At CAS leading edge, set DSF1 to low level for a write mask register, or set DSF1 to high level for a ooior register. 
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Timing Waveforms (cont) 


Serial Read Cycle 


Notes: 


[1J Last location of split reglste, 
(Lee: 127 or 255) 


[2] The starting location of newly activated 
register~,eol======== 
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Line Buffer for NTSC TV 


Description 


The ~PD42101 is a 91O-word by 8-bit line buffer fabri- 
cated with a CMOS silicon-gate process. The device 
helps to create an NTSC flicker-free television picture 
(noninterlaced scan conversion) by providing intermedi- 
ate storage and very high-speed read and write opera- 
tion. 


The ~PD42101can also be used as a digital delay line. 
The delay length is variable from 10 bits (at maximum 
clock speed) to 910 bits. 


Features 


o 910-word x 8-bit organization 
o Line buffer for NTSC. 4fsc digital television systems 
o Asynchronous. simultaneous read/write operation 
o 1H (910-bit) delay line capability 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single +5-volt power supply 
o 24-pin plastic DIP and miniflat packaging 


Ordering Information 


Read Cycle 
Write Cycle 


Part Number 
Time (mln) 
Time (mln) 
Package 


"PD42101 G-3 
34 ns 
34 ns 
24-pin plastic DIP 


G-2 
34 ns 
69 ns 


G-1 
69 ns 
69 ns 


"PD42101G·3 
34 ns 
34 ns 
24-pin plastic miniflat 


G-2 
34 ns 
69 ns 


G-1 
69 ns 
69 ns 


Pin Configuration 


24-Pin Plastic DIP or Miniflat 


Pin Identification 


Symbol 


D1NO - D1N7 


DOUTO - DOUT7 
RSfW 


RSfR 


WE 


RE 


WCK 


RCK 


GND 


Vcc 


DOUTO 


DOUT1 


DOUT2 


DOUT3 
FiE 


RSTR 


GND 


RCK 


DOUT4 


DOUTS 


DOUT6 


DOUT7 


DINO 


DIN1 


DIN2 


DIN3 


WE 


RSlW 
vcc 


WCK 


DIN4 


DINS 


DIN6 


DIN7 


Function 


Write data inputs 


Read data outputs 


Write address reset input 


Read address reset input 


Write enable input 


Read enable input 


Write clock input 


Read clock input 


Ground 


+5-volt 
power supply 
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PIN FUNCTIONS 


DINO• DIN7 (Data Inputs) 


In a digital television application, the digital composite 
signal, luminance, chrominance, etc. information is writ- 
ten into these inputs. 


DOUTO• DOUT7 (Data Outputs) 


The tri-state 
outputs are used to access the stored 
information. In a simple digital delay line application, a 
delay of one-half write clock cycle plus a maximum of 
300 ns is required to move data from the data inputs to 
the data outputs. 


RSlW 
(Write Address Reset Input) 


Bringing this signal low when WE is also low resets the 
internal write address to O.If WE is at a high level when 
the RSTWinput is brought low, the internal write address 
is set to 909. The state of this input is strobed by the 
rising edge of WCK. 


RSTR (Read Address Reset Input) 


This signal is strobed by the rising edge of RCK and 
resets the internal read address to 0 if RE is also low. If 
RE is at a high levelwhen the RSTRinput is brought low, 
the internal read address is set to 909. 


WE (Write Enable Input) 


This input controls write operation. If WE is low, all write 
cycles proceed. If WE is at a high level, no data is written 
to storage cells and the write address stops increasing. 
The state of WE is strobed by the rising edge of WCK. 


RE (Read Enable Input) 


This signal is similar to WE but controls read operation. 
If RE is at a high level, the data outpus become high 
impedance and the internal read address stops increas- 
ing. The state of REis strobed by the rising edge of RCK. 


WCK (Write Clock Input) 


All write cycles are executed synchronously with WCK. 
The states of both RSTW and WE are strobed by the 
rising edge of WCK at the beginning of a cycle, and the 
data inputs are strobed by the rising edge of WCK at the 
end of a cycle. The internal write address increases with 


each WCK cycle unless WE is at a high level to hold the 
write address constant. Unless inhibited by WE, the 
internal write address will automatically 
wrap around 


from 909 to 0 and begin increasing again. 


RCK (Read Clock Input) 


All read cycles are executed synchronously with RCK. 
The states of both RSTRand REare strobed by the rising 
edge of RCK at the beginning of a cycle. This same edge 
of RCK starts internal read operation, and access time is 
referenced to this edge. The internal read address in- 
creases with each RCK cycle unless RE is at a high level 
to hold the read address constant. Unless inhibited by 
RE, the internal read address will automatically wrap 
around from 909 to 0 and begin increasing again. 


Absolute Maximum Ratings 


Supply voltage, Vcc 


Voltages on any input pin, VI 


Voltage on any output 
pin, Vo 


Short-circuit 
output 
current, 
los 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


-1.5to 
+7.0 V 


-1.5to 
+ 7.0V 


-1.5to 
+7.0 V 


20 mA 


- 20 to +70'C 


- 55 to +125'C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, high 
VIH 
2.4 
5.5 
V 


Input voltage, low 
V1L 
-1.5 
0.8 
V 


Opera1ing temperature 
TA 
0 
70 
'C 


Capacitance 
TA = 25'C; Vcc 
= +5.0 V ±10%; f = 1 MHz 


Parameter 
Symbol 
Min 
Max 
Unit 
~~ 
q 
5 
~ 


capacitance 


Pins Under Test 


WE, RE, WCK, RCK, 
RSTW, RSTR, DINO- 


DIN? 


DoUTO - DOUT7 
Output 
Co 
capacitance 


NEe 


HE 


RCK 


RSTR 


Data 
Input 
Buffers 


Write 
Column 
Selectors 


Data 
OUtput 
Buffers 


WE 
WCK 


RSTW 


DC Characteristics 
TA = -20 to +70·C; vcc 
= +5.0V 
± 10% 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Input leakage current 
II 
-10 
10 
"A 
V1N= 0 V to Vcc; 
all other pins not under test = 0 V 


Output 
leakage current 
10 
-10 
10 
"A 
DouT disabled; 
Vo = 0 to 5.5 V 


Output voltage, high 
VOH 
2.4 
V 
10H = -1 mA 


Output voltage, low 
VOL 
0.4 
V 
10L = 2.0mA 


AC Characteristics 
TA = -20 to + 70·C; vcc 
= +5.0V 
± 10% 


"PD42101-3 
"PD42101-2 
"PD42101-1 


Parameter 
Symbol 
mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Write/read cycle operating 
current 
Icc 
70 
60 
35 
mA 
tWCK = tWCK 
(min); IflCK = IflCK 
(min) 


Write clock cycle time 
tWCK 
34 
1090 
69 
1090 
69 
1090 
ns 


WCK pulse width 
twcw 
t4 
25 
25 
ns 


WCK precharge time 
twcp 
t4 
25 
25 
ns 


Read clock cycle time 
tRCK 
34 
t090 
34 
1090 
69 
1090 
ns 


RCK pulse width 
tRCW 
14 
14 
25 
ns 


RCK precharge time 
tRCP 
14 
14 
25 
ns 


Access time 
tAC 
27 
27 
49 
ns 


3-135 
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AC Characteristics 
(cont) 


"PD42101-3 
"PD42101-2 
"PD42101-1 


Parameter 
Symbol 
mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Output 
hold time 
toH 
5 
5 
5 
ns 


Output active time 
1t.z 
5 
27 
5 
27 
5 
49 
ns 
(Note 5) 


Output disable time 
1Hz 
5 
27 
5 
27 
5 
49 
ns 
(Note 5) 


Data-in setup time 
tos 
14 
18 
18 
ns 


Data-in hold time 
toH 
5 
5 
5 
ns 


Reset active setup time 
!As 
14 
14 
20 
ns 
(Note 7) 


Reset active hold time 
!AH 
5 
5 
5 
ns 
(Note 7) 


Reset inactive 
hold time 
!ANt 
5 
5 
5 
ns 
(Note 8) 


Reset inactive setup time 
tRN2 
14 
14 
20 
ns 
(Note 8) 


Write enable setup time 
!wES 
14 
20 
20 
ns 
(Note 9) 


Write enable hold time 
tWEH 
5 
5 
5 
ns 
(Note 9) 


Write enable high delay from 
!wENl 
5 
5 
5 
ns 
(Note 10) 


WCK 


Write enable low delay to WCK 
tWEN2 
14 
20 
20 
ns 
(Note 10) 


Read enable setup time 
tRES 
14 
14 
20 
ns 
(Note 9) 


Read enable hold time 
tREH 
5 
5 
5 
ns 
(Note 9) 


Read enable high delay from 
!AENI 
5 
5 
5 
ns 
(Note 10) 


RCK 


Read enable low delay to RCK 
tREN2 
14 
14 
20 
ns 
(Note 10) 


Write disable pulse width 
tWEW 
0 
0 
0 
ns 
(Note 6) 


Read disable pulse width 
tREW 
0 
0 
0 
ns 
(Note 6) 


Write reset time 
tRSTW 
0 
0 
0 
ns 
(Note 6) 


Read reset time 
!ASTR 
0 
0 
0 
ns 
(Note 6) 


Transition 
time 
tr 
3 
35 
3 
35 
3 
35 
ns 


Notes: 


(1) All voltages are referenced to ground. 
(7) If either 
tRs or tRH is less than 
the 
specified 
value, 
reset 


(2) After power-up, a read reset cycle and a write reset cycle must be 
operations 
are not guaranteed. 


executed 
before proper device operation 
is achieved. 
(8) If eithertRNl 
ortRN2 is less than the specified value, internal reset 


(3) 
Input pulse rise and fall times assume tT = 5 ns. Input pulse 
operations 
may 
extend 
to 
cycles 
immediateiy 
preceding 
or 


levels = GND to 3 V. Transition 
times are measured 
between 3 
following 
the period of desired reset operations. 


V and 0 V. See figure 1. 
(9) If either tWEs or tWEH (tRES or tREH) is less than the specified 


(4) 
Input timing 
reference levels = 1.5 V. Output 
timing 
reference 
value, write (read) disable operations 
are not guaranteed. 


levels are 0.8 and 2.0 V. See figure 2. 
(10) if either 
tWENl 
or tWEN2 (tRENl or tREN2l is less than 
the 


(5) This delay is measured at 200 mV from the steady-state 
voltage 
specified 
value, 
internal 
write 
(read) disable 
operations 
may 


with the load specified 
in figure 4. Under any conditions, 
tLZ ;" 
extend to cycles immediately 
preceding 
or following the period 


tHZ' 
of desired disable operations. 


(6) twEW (max) and !AEW (max) must be satisfied 
by the following 
(11) Data is guaranteed 
to remain valid for a minimum 
of 1 ms after 


equations 
in 1-line cycle operation: 
it is written. After this time, the data stored may be discharged, 


tWEW + tRSTW +910 (twcKl S 1 ms 
since this device uses a dynamic 
storage element. 


tREW + tRSTR + 910 (tRcKl S 1 ms 


NEe 


Figure 2. 
Output Timing 
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Timing Waveforms 


Read Cycle 


Notes: 


[1J RSTR=VIH· 


[2J V = valid data. 


Notes: 


[1J RSTW=VIH· 


[2J V ~ valid data. 
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Timing Waveforms (cont) 


Read Reset Cycle 


Note: 


[1J RE=VIL_ 


[2J V ~ valid data. 


ResetCYd£Cyde0=r_'=--1 
\ _ 
\_--1_ 


lRSTW 
tRH 
':~ 


Note: 


[1l WE-VIL_ 


[2J V = valid data. 
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Timing Waveforms (cent) 


Write Disable Cycle 


NEe 


Timing Waveforms (cont) 


Re-Read Cycle 


DIN~ 


I~------------------ 
------, 
\,----,~g~~mxl·~Kp 
IT 
DDUT~~ 
V 
v 
VIOl 


Note: 


[1jRE=Vll. 


12) V = Valid 
Data. 


(3) The data stored 
in any location 
can be re-read 
as many 
times 
as desired 
within 
a period 
of 1 ms 
following 
the writing 
of data into that location 
provided 
that a second 
write operation 
has not 


re·written new data Into thai location. 
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Timing 
Waveforms 
(cont) 


910-8il Delay Une Cycle 


Note: 
III 
V:= Valid Data. 


(2} 
1H:= the first group 
of 910 bits. 2H:= the second group 
01 910 bits. 
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Timing Waveforms 
(cant) 


~Bit Delay Une Cycle 


u 


V(,} 
v(n_,) 
V('~ 
l 
~~--~~~-----------~~~--;-----------------i 


'00'r:xnc 
,:",~ 


'HData'-----~-1 
~2H- 


Notes: 


[1J V = valid data 


[2J , H = the first group of bits. 2H = the second group of n' bits. 


[3J fiE = WE = VIL. 
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Timing Waveforms (cont) 


n-Bit Delay Une Timing Cycle (1) 


Cycle 0 
Cycle 1 
Cycle 2 


twcP 
tRCP 


IRCW 
twcw 
-Jj 


RSTW 


-1 
tRH 


IDSi 
I~ 
Cyden 
~l IJtOH 
tACj 


DOUT Illillmlmllimilooiliomlllilomllilimooll~ 


[1] FiE and WE -VIL' 


[2) V = valid data. 


NEe 


Timing Waveforms (cont) 


n-Bit Delay Une Timing Cycle (2) 


II 


twcw 
tRCW 


_~I 
RSTW 


RSTR -1 
tRH 


RE 
I tt 


DH 
'"'~ 


DIN IOIOI/LV(O) 
V(1) 
V(2) 


I- 
Cyclen 
.L 
~ 
tOH 


tACj --.1 


DOUT WllOlOlomlomllmmlallomolllllllOlIO~ 


[1J WE eVIL. 


[2J V e valid data. 
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Applications 


1H (910-bit) Delay Une 


Anyone 
of the following 
methods may be used to 
configure a 1H (81O-bit)delay line, or to vary the number 
of delay bits from a minimum of 5 (when operating at 
4fsd to a maximum of 810 (figure 5). 


(1) 
Execute a reset cycle proportionate to the desired 
delay length. 


(2) 
Adjust the input timing of RSTWand RSTRto the 
desired delay length (see waveform for n-bit Delay 
Line Timing 1). 


(3) 
Adjust the address by disabling WE or RE for a 
period proportionate to the desired delay length. 


tttfEC 


Noninterlaced 
Scan Conversion 


It is also possible to use either one or two I4PD42101s for 
noninterlaced scan conversion. If one device is used, the 
same data is read twice at 28.6 MHz (8fsd to prepare it 
for writing at 14.3MHz (4fsd. If two devices are used as 
shown in figure 6, data input at 14.3 MHz is read alter- 
nately at 28.6 MHz with RE. Actual line signals and 
complement line signals are entered as input data. Com- 
plement 
signals 
can 
also 
be obtained 
using 
the 


I4PD42101if resetting is performed for each line. A single 
signal type is assumed in this case. In actual applica- 
tions, noninterlaced scan conversion with brightness (Y) 
and color difference (C) and RGB signals will require as 
many as two or three times the number of I4PD42101 
devices shown in this example. 


Actual Line 
Data Inputs 
,;f 


Interpolated 
Line 


Data Inputs 
'"\ 
\ 
\ 
\ 


Interpolated 
Line 


Nonlnterlaced 
Line 


Data Outputs 


\ 


\ 
\ 
\ 
\ 
\ 


~ 


Displayed 
Television 


Picture 
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( 
Output 
data of cycles 900 
to 
) 
909 may be that of 1H before. 


'-- 
__ 
----<\~\ 
~I 


" 
L 


~~ 
o 
1 
2 
3 
4 
897 


I 


~ 


II 
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WCK 


tAS 


RSTW 


RSTR 


o'N 


ACK 


DOUT 


fiE 


Note: 


[11 WE 
VIL. 


[21 
Vo 
Valid 
Data. 


[31 For compatibility 
with NTSC standards 
the WCK lrequency 
is approximately 
14.3 MHz. RCK 
cycles 
allwice 
this lrequency, 
28.6 MHz. 


tttrEC 
NEe Electronics Inc. 
pPD42102 
Line Buffer for PAL TV 


Description 


The !!PD42102 is a 1,135-word by a-bit line buffer fabri- 
cated with a CMOS silicon-gate process. The device 
helps to create a PALflicker-free television picture (non- 
interlaced scan conversion) by providing intermediate 
storage and very high-speed read and write operation. 


The !!PD42102 can also be used as a digital delay line. 
The delay length is variable from 2 bits (at maximum 
clock speed) to 1,135bits. 


Features 


o 1,135-wordx a-bit organization 
o Line buffer for PAL, 4fsc digital television systems 
o Asynchronous, simultaneous read/write operation 
o 1H (1,135-bit) delay line capability 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single +5-volt power supply 
o 24-pin plastic DIP and miniflat packaging 


Ordering Information 


Read Cycle 
Write 
Cycle 


Part Number 
Time (mln) 
Time (min) 
Package 


"PD42102G-5 
25 ns 
25 ns 
24-pin plastic DIP 


G-3 
34ns 
34 ns 


G-2 
34 ns 
69 ns 


G-1 
69 ns 
69 ns 


"PD42102G-5 
25 ns 
25 ns 
24-pin plastic miniflat 


G-3 
34 ns 
34 ns 


G-2 
34 ns 
69 ns 


G-1 
69 ns 
69 ns 


Pin Identification 


Symbol 


D1NO - DIN7 


DOUTO - DOUT7 


RSfW 


RSTR 


WE 


RE 


WCK 


RCK 


GND 


Vcc 


DOUTO 


DOUT1 


DOUT2 


DOUT3 
FiE 


RSTR 
GND 


RCK 


DOUT4 


DOUTS 


DOUT6 


DOUT7 


DINO 


DIN1 


DIN2 


DIN3 


WE 


RSTW 
vcc 


WCK 


DIN4 


DINS 


DIN6 


DIN7 


Write data inputs 


Read data outputs 


Write address reset input 


Read address reset input 


Write enable input 


Read enable input 


Write clock input 


Read clock input 


Ground 


+5-volt 
power supply 


II 
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PIN FUNCTIONS 


DINO- DIN7 (Data Inputs) 


In a digital television application, the digital composite 
signal, luminance, chrominance, etc. information is writ- 
ten into these inputs. 


DOUTO• DOUT7 (Data Outputs) 


The tri-state 
outputs are used to access the stored 
information. In a simple digital delay line application, a 
delay of one-half write clock cycle plus a maximum of 
300 ns is required to move data from the data inputs to 
the data outputs. 


RSlW 
(Write Address Reset Input) 


Bringing this signal low when WE is also low resets the 
internal write address to O.If WE is at a high level when 
the RSTWinput is brought low,the internal write address 
is set to 1,134.The state of this input is strobed by the 
rising edge of WCK. 


RSTR (Read Address Reset Input) 


This signal is strobed by the rising edge of RCK and 
resets the internal read address to 0 if RE is also low. If 
RE is at a high levelwhen the RSTRinput is brought low, 
the internal read address is set to 1,134. 


WE (Write Enable Input) 


This input controls write operation. If WE is low, all write 
cycles proceed. If WE is at a high level, no data is written 
to storage cells and the write address stops increasing. 
The state of WE is strobed by the rising edge of WCK. 


RE (Read Enable Input) 


This signal is similar to WE but controls read operation. 
If RE is at a high level, the data outpus become high 
impedance and the internal read address stops increas- 
ing. The state of REis strobed by the rising edge of RCK. 


WCK (Write Clock Input) 


All write cycles are executed synchronously with WCK. 
The states of both RSTW and WE are strobed by the 
rising edge of WCK at the beginning of a cycle, and the 
data inputs are strobed by the rising edge of WCK at the 
end of a cycle. The internal write address increases with 


each WCK cycle unless WE is at a 'high level to hold the 
write address constant. 
Unless inhibited by WE, the 


internal write address will automatically wrap around 
from 1,134to 0 and begin increasing again. 


RCK (Read Clock Input) 


All read cycles are executed synchronously with RCK. 
The states of both RSTRand REare strobed by the rising 
edge of RCK at the beginning of a cycle. This same edge 
of RCK starts internal read operation, and access time is 
referenced to this edge. The internal read address in- 
creases with each RCK cycle unless RE is at a high level 
to hold the read address constant. Unless inhibited by 
RE, the internal read address will automatically wrap 
around from 1,134to 0 and begin increasing again. 


Absolute Maximum Ratings 


Supply voltage, Vcc 


Voltages on any input pin, VI 


Voltage on any output 
pin, Vo 


Short-circuit 
output current, 
los 


Operating 
temperature, 
TOPA 


Storage temperature, 
TSTG 


- 1.5 to +7.0 V 


-1.5to 
+ 7.0 V 


-1.5to 
+7.0 V 


20 mA 


- 20 to +70°C 


-55to 
+125°C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated within 
the limits specified 


under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
vcc 
4.5 
5.0 
5.5 
V 


Input voltage, high 
VIH 
2.4 
5.5 
V 


Input voltage, low 
VIL 
- 1.5 
0.8 
V 


Operating 
temperature 
TA 
-20 
70 
°C 


Capacitance 
TA = 25°C; Vcc = +5.0 V ±10%; f = 1 MHz 


Parameter 
Symbol 
Mln 
Max 
Unit 


Input 
CI 
5 
pF 


capacitance 


Pins Under Test 


WE, RE, WCK, RCK, 
RSTW, RSTR, 
DINO- DIN7 


DoUTO • DOUT7 
Output 
Co 
capacitance 


NEe 


RE 
RCK 


RSTR 


Data 
Input 
Buffers 


Write 
Column 
Selectors 


Read 
Column 
Selectors 


Data 
Output 
Buffers 
II 


WE 


WCK 


RSTW 


DC Characteristics 
TA = -20 to +70"C; vcc 
= 
+5.0V 
± 10% 


Parameter 
Symbol 
Mln 
Typ 


Input leakage current 
II 
-10 


Output 
leakage current 
10 
-10 


Output voltage, high 
VOH 
2.4 


Output voltage, low 
VOL 


AC Characteristics 
TA = -20 to +70°C; vcc 
= 
+5.0V 
± 10% 


Test Conditions 


VIN = a V to VCC; all other pins not under test = a V 


DOUT disabled; 
Vo = a to 5.5 V 


IOH = -1 mA 


IOL = 2.0 mA 


"PD42102-5 
"PD42102-3 
"PD42102-2 
"PD42102-1 


Parameter 
Symbol 
Min 
Max 
Mln 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Write/read cycle operating 
current 
Icc 
80 
80 
70 
40 
mA 
tWCK = tWCK (min); 
tRCK = tRCK (min) 


Write clock cycle time 
tWCK 
25 
880 
28 
880 
56 
880 
56 
880 
ns 


WCK pulse width 
twcw 
10 
12 
20 
20 
ns 


WCK precharge time 
twcp 
10 
12 
20 
20 
ns 


Read clock cycle time 
tRCK 
25 
880 
28 
880 
28 
880 
56 
880 
ns 


RCK pulse width 
tRCW 
10 
12 
12 
20 
ns 


RCK precharge time 
tRCP 
10 
12 
12 
20 
ns 


Access time 
tAC 
18 
21 
21 
40 
ns 


Output 
hold time 
tOH 
5 
5 
5 
5 
ns 
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AC Characteristics 
(cent) 


"PD42102-S 
"PD42102-3 
"PD42102-2 
"PD42102-1 


Parameter 
Symbol 
Mln 
Max 
Min 
Max 
Min 
Max 
Mln 
Max 
Unit 
Test Conditions 


Access time after a reset cycle 
tACR 
18 
21 
21 
40 
ns 


Output 
hold time after a reset cycle 
tOHR 
5 
5 
5 
5 
ns 


Output 
active time 
lLz 
5 
18 
5 
21 
5 
21 
5 
40 
ns 
(Note 4) 


Output 
disable time 
!Hz 
5 
18 
5 
21 
5 
21 
5 
40 
ns 
(Note 4) 


Data-in setup time 
tDS 
7 
12 
15 
15 
ns 


Data-in hold time 
toH 
3 
5 
5 
5 
ns 


Reset active setup time 
lRs 
7 
12 
12 
20 
ns 
(Note 7) 


Reset active hold time 
tRH 
3 
5 
5 
5 
ns 
(Note 7) 


Reset inactive 
hold time 
lRN1 
3 
5 
5 
5 
ns 
(Note 8) 


Reset inactive setup time 
tRN2 
7 
12 
12 
20 
ns 
(Note 8) 


Write enable setup time 
tWES 
7 
12 
20 
20 
ns 
(Note 9) 


Write enable hold time 
tWEH 
3 
5 
5 
5 
ns 
(Note 9) 


Write enable high delay from WCK 
tWEN1 
3 
5 
5 
5 
ns 
(Note 10) 


Write enable low delay to WCK 
tWEN2 
7 
12 
20 
20 
ns 
(Note 10) 


Read enable setup time 
tRES 
7 
12 
12 
20 
ns 
(Note 9) 


Read enable hold time 
tREH 
3 
5 
5 
5 
ns 
(Note 9) 


Read enable high delay from RCK 
lREN1 
3 
5 
5 
5 
ns 
(Note 10) 


Read enable low delay to RCK 
lREN2 
7 
12 
12 
20 
ns 
(Note 10) 


Write disable 
pulse width 
tWEW 
0 
0 
0 
0 
ns 
(Note 5) 


Read disable 
pulse width 
lREW 
0 
0 
0 
0 
ns 
(Note 5) 


Write reset time 
tRSTW 
0 
0 
0 
0 
ns 
(Note 5) 


Read reset time 
tRSTR 
0 
0 
0 
0 
ns 
(Note 5) 


Transition 
time 
tT 
3 
35 
3 
35 
3 
35 
3 
35 
ns 


Notes: 


(1) All voltages are referenced to ground. 
(6) 
This parameter 
applies when tRcK « tACR (max). 


(2) 
Input pulse rise and fall times assume tT = 5 ns. Input pulse 
(7) 
If either 
tRS or tRH is 
less than 
the 
specified 
value, 
reset 


levels = GND to 3 V. Transition 
times are measured 
between 3 
operations 
are not guaranteed. 
V and OV. 
(8) 
If eitherlRN1 orlRN2 is less than the specified value, internal reset 
For the -5 version only, tT = 3 ns; input pulse levels = 0.4 to 2.4 
operations 
may 
extend 
to 
cycles 
immediately 
preceding 
or 
V; transition 
times are measured 
between 
0.4 and 2.4 V. See 
following 
the period of desired reset operations. 
figures 
1 and 2. 


(3) 
Input timing 
reference levels = 1.5 V. Output 
timing 
reference 
(9) If either twES or tWEH (tRESor lREHl is less than the specified 


levels are 0.8 and 2.0 V. See figure 3. 
value, write (read) disable operations 
are not guaranteed. 


(4) This delay is measured at 200 mV from the steady-state 
voltage 
(10) If either 
tWEN1 or tWEN2 (tREN1 or tREN2l is less than 
the 


specified 
value, 
internal 
write 
(read) disable 
operations 
may 
with the load specified 
in figure 5. Under any conditions, 
lLz « 
extend to cycles immediately 
preceding 
or following 
the period 
!Hz· 
of desired disable operations. 
(5) tWEW (max) and lREW (max) must be satisfied 
by the following 
(11) Data is guaranteed 
to remain valid for a minimum 
of 1 ms after 
equations 
in 1-line cycle operation: 
it is written. Afterthis 
time, the data stored may be invalid, since 
twEW + lRsTW +1,135 (twcKl 
s 
1 ms 
this device uses a dynamic 
storage element. 
lREW + tRSTR + 1,135 (tRcKl S 1 ms 
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Timing Waveforms 


Read Cycle 


Notes: 


[1J RSTR=VIH· 


[2J V = valid data. 


Notes: 


[1J RSTW=VIH. 


[2J V = valid data. 


tttrEC 


Timing Waveforms (cont) 


Read Reset Cycle 


Not.: 


[1J RE = VIL· 


[2J V = valid data. 


301100* 


lDSJ 


~ 
~'~ 


V(n) 
lllilia 


ReSelCYd£~de0=F~'''~ 
\ _ 
\_---.1_ 
tRSTW lRH 


'.~ 
L,~, 


Not.: 


[lJ WE=VIL· 


[2J V ~ valid data. 
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NEe 


Timing Waveforms (cant) 


Re-Read Cycle 


DIN~ 


I~------------------ 
------, 
\r-w~~g~;i---xl"~x:P'(J 


DOUT~~ 
V 
v 
VIO] 


Note: 


[1jRE=Vll' 


[2J V = Valid 
Data. 


13) The data stored 
in any location 
can be re·read 
as many 
times 
as desired 
within 
a period 
all 
ms 
following 
the writing 
of data inlo that location 
provided 
that a second 
write operation 
has not 
re-written 
new data into that location. 
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NEe 
NEe Electronics Inc. 


pPD42505 


Line Buffer for 


Communications Systems 


Description 


The JlPD42505 is a 5048-word by 8-bit dual-port 
line 


buffer fabricated with a silicon-gate CMOSprocess. The 
device is capable of asynchronous 
read and write 


operation at high speed, and can be used as a time axis 
converter or a digital delay line of up to 5048bits (10bits 
minimum at maximum frequency). 


Applications include image processing in facsimile ma- 
chines, plain paper copiers, video systems, and other 
optical scanners; time base correction 
in video play- 


back systems; and data communication 
buffering in 


multiprocessor systems and local area networks. 


o 5048-word x 8-bit organization 
o Dual-port operation 
o Image processing and data communications 


applications 


o Asynchronous and simultaneous reading/writing 
o 1H (5048-bit) delay line capability 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single + 5-volt power supply 
o 24-pin plastic DIP and 28-pin plastic ZIP packaging 


Pin Identification 


Symbol 


DINO - DIN? 


DOUTO - DOUT? 


RCK 


RE 


RSfR 


RS'fW 


WCK 


WE 


GND 


VCC 


Function 


Wr~e data inputs 


Read data outputs 


Read clock input 


Read enable input 


Read address reset input 


Write address reset input 


Write clock input 


Write enabie input 


Ground 


+S-volt power supply 


Pin Configurations 


24-Pin Plastic DIP 


DoUTO 


DOUT1 


DOUT2 


D0UT3 


FiE 


RSTR 


GND 


RCK 


DOUT4 


DOUTS 


DOUT6 


DOUT? 


DINO 


DIN1 


DIN2 


DIN3 


WE 


RSTW 
Vcc 


WCK 


DIN4 


DINS 


DIN6 


DIN? 


GND 
1 ''',::: 
2 
GND 


DIN3 
3 ''',::, 
4 
DIN2 


DIN1 
5 '::,::, 
6 
DINO 


Vcc ? '" 


D0UT1 
9 :::'::' 
8 
DOUTO 


D0UT3 
11 
:::'::' 
10 DOUT2 


-- 
,::, 
12 GND 


RSTR 
13 ''',::, 
14 FiE 
RCK 
15 
'" 


D0UT4 
1? 
",'::, 
16 GND 


DOUT6 
19 
",'::, 
18 DOUTS 
Vcc 21 
:::'::' 
20 
D0UT7 


RSTW 
23 
:::'::' 
22 WE 


DIN6 25 
:::'::' 
24 
DIN? 


DIN4 
2? 
:::'::' 
26 DINS 
,::, 
28 WCK 
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Read Access 
Time (max) 


40 ns 


55 ns 


40 ns 


55 ns 


Data 
Input 
Buffers 


Write 
Column 
Selectors 


WE 


WCK 


RSTW 


Ordering Information 


Device 
Cycle Time (min) 


/lPD42505C-50 
50 ns 


C-75 
75 ns 


C-50H 
50 ns 


C-75H 
75 ns 


/lPD42505V-50 
50 ns 


V-75 
75 ns 


V-SOH 
50 ns 


V-75H 
75 ns 


fiE 


RCK 


RSTR 


Read 
Column 
Selectors 


Data 
Output 
Buffers 


Package 


24-pin plastic DIP 


55 ns 


40 ns 


55 ns 


Pin Functions 


DINOthrough 
DIN7 (Data 
Inputs). 
New data is entered 
on these 
pins. 


DOUTOthrough 
DouTY (Data 
Outputs). 
These tri-state 
outputs 
are 
used 
to 
access 
stored 
information. 
In a 
simple 
digital 
delay line application, 
a minimum 
delay of 
10 clock 
cycles 
is required 
to move data from the input 
pins to the output 
pins. 


RCK 
(Read 
Clock 
Input). 
All read cycle are executed 
synchronously 
with 
RCK. The states 
of both 
RSTR and 
RE 
are 
strobed 
by 
the 
rising 
edge 
of 
RCK 
at 
the 


beginning 
of a cycle. 
This 
same 
edge 
of RCK 
starts 
internal 
read operation, 
and access time 
is referenced 
to this edge. The internal 
read address 
increments 
with 
each 
RCK 
cycle, 
unless 
RE is high 
to 
hold 
the 
read 
address 
constant. 
Unless inhibited 
by RE, the 
internal 
read address 
will automatically 
wrap around 
from 5047 
to 0 and begin 
incrementing 
again. 


RE 
(Read 
Enable 
Input). 
This 
signal 
controls 
read 
operation. 
If RE is low, all read cycles proceed. 
If RE is at 
a high level, the data outputs 
become 
high impedance 
and the internal 
read address 
stops 
incrementing. 
The 
state 
of RE is strobed 
by the rising edge of RCK. 


t-{EC 


RSTR (Read Address 
Reset 
Input). 
This signal is 


strobed 
by the rising edge of RCK and resets the 


internal read address to O. 


RSTW (Write Address Reset Input). Bringing this sig- 
nal low resets the internal write address to O.The state 
of this input is strobed by the rising edge of WCK. 


WCK (Write Clock Input). All write cycles are executed 
synchronously with WCK. The states of both RSTWand 
WE are strobed 
by the rising edge of WCK at the 


beginning of a cycle, and the data inputs are strobed by 
the rising edge of WCK at the end of a cycle. The internal 
write address increments with each WCK cycle, unless 
WE is at a high levelto hold the write address constant. 
Unless inhibited by WE, the internal write address will 
automatically 
wrap around from 5047 to 0 and begin 


incrementing again. 


WE (Write Enable Input).This input is similar to RE but 
controls write operation. If WE is at a high level, no data 
is written to storage cells and the write address does 
not increment. The state of WE is strobed by the rising 
edge ofWCK. 


Operation 


Reset Cycle. The I1PD42505requires the initialization of 
internal circuits using the RSTW/RSTR reset signals 
before starting operation as a time axis converter or a 
digital delay line. 


A reset cycle can be executed at any time and does not 
depend on the state of RE or WE. However, RSTWand 
RSTR must satisfy required setup and hold times as 
measured from the rising edges of WCK and RCK. 


Write/Read Cycles. Write and read cycles are synchro- 
nized to their respective WCK/RCK inputs and executed 
individually when WCK or RCK is high and WE or RE is 
low. Write data must satisfy setup and hold times as 
specified from the rising edge of WCK. New data written 
to a particular address is available for reading after 1/2 
write cycle + 500 ns (maximum). 


The access time of a read cycle is measured from the 
rising edge of RCK, either by tACRfor an access during 
the first cycle directly after a reset begins, or by tACfor 
an access under other conditions. 
Stored data is read 


nondestructively; 
data can be read repeatedly within a 


prescribed time of 5 ms maximum (20 ms maximum for 
-H versions). 


Time Axis Conversion. To use the I1PD42505as a time 
axis converter, write and read cycles must be controlled 
independently. Write and read ports must be initialized 


separately using the reset signals. Write cycles can then 
be executed in synchronization 
with WCK and write 


data can be stored sequentially from address 0 of this 
device. Afterward, when a read cycle is executed in 
synchronization 
with RCK, stored data can be read 


sequentially from address O. 


Since write and read cycles can be executed indepen- 
dently, data loaded at one arbitrary drive frequency can 
be read at another arbitrary 
drive frequency. In this 


sense, the I1PD42505functions as a time axis converter. 


Digital 
Delay Line. The I1PD42505can be easily used 


as a digital delay line of 5,048 bits or less. After the 
internal 
circuits 
are initialized 
using 
simultaneous 


RSTW/RSTR signals, write/read 
cycles also may be 


executed simultaneously by supplying the same pulse 
to the write (WCK) and read (RCK) clocks. Write data is 
always read after the full 5,048-bit delay if neither write 
nor read operation 
has been inhibited. This is the 


essential delay line function. 


If either WE or RE is set at a nonselected (high) level for 
several cycles while the other is maintained in a se- 
lected (low) level, the delay line length can differ from 
5,048 bits. 


For example, if only WE is a set to a high level (write 
disable) for a small number of cycles, read cycles are 
executed continuously and the delay line length is large 
(see the waveform for "(5048-m)-Bit Delay Line No.2"). 
Alternatively, if only RE is set to a high level (read 
disable) for a small number of cycles, write cycles are 
executed 
continuously 
and the delay line length is 


small. Note that the minimum delay line length is 10bits 
(for maximum frequency operation) and the maximum 
is 5,048 bits. 


A data delay of 5,048 bits or lesscan also be obtained by 
applying the RSTWand RSTRsignals at different times. 
For example, data loaded for "m" cycles after RSTWcan 
then be read after supplying RSTR. In this case, since 
write data can be read from the beginning after a delay 
of "m" cycles, the device can be used as an "m-bit" 
digital delay line. 


The RSTW/RSTR reset signals can also be simulta- 
neously loaded at every 1H (horizontal line) period. In 
this case, write data loaded in the previous line cycle is 
read out from the beginning as read data after the reset. 
Therefore, a delay line length ranging from 10to 5,048 
bits can be obtained according to the length of the reset 
signals supplied. Refer to the timing waveform for an 
"n-Bit Delay Line." 
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Absolute Maximum Ratings 


Supply voltage, Vcc 


Vo~age on any input pin, VI 


Vo~age on any output pin, Vo 


Short-circuit output current, los 


Operating temperature, TOPR 


Storage temperature, TSTG 


-1.5to 
+7.0V 


-1.5 to +7.0 V 


-1.5to 
+7.0 V 


20mA 


-20 to +70°C 


-55 to +125 °C 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; exceeding the ratings could cause permanent 
damage. The device should be operated within the limits specified 
under DC and AC Characteristics. 


DC Characteristics 
TA= -20 to +70°C; VCC = +5.0V 
±10% 


Parameter 
Symbol 


Write/read cycle operating current 
Icc 


Input leakage current 
II 


Output leakage current 
10 


Output vo~age, high 
VOH 


Output vo~age, low 
VOL 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, high 
VIH 
2.4 
Vcc 
V 


Input voltage, low 
Vil 
-1.5 
0.8 
V 


Ambient tem perature 
TA 
-20 
70 
°C 


Capacitance 
TA= 25°C; Vcc = + 5.0 V ±10%; f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Test Conditions 


Input 
CI 
5 
pF 
WE, RE, WCK, RCK, 


capacitance 
RSTW,R§fR, DINO• DIN? 


Output 
Co 
7 
pF 
DOUTO' DOUT7 
capacitance 


Notes: 


(1) These parameters are sampled and not 100%tested. 


Min 
Typ 
Max 
Unit 
Test Conditions 


60 
mA 


-10 
10 
pA 
VI = 0 V to Vcc; all other pins not under test := 0 V 


-10 
10 
pA 
DOUTdisabled; Vo = 0 to 5.5 V 


2.4 
V 
10H= -1 mA 


0.4 
V 
10l = 2 mA 


AC Characteristics 
TA= -20 to +70°C; vcc = + 5.0 V ±10% 


Parameter 


Write clock cycle time 


WCK pulse width 


WCK precharge time 


Read clock cycle time 


RCK pulse width 


RCK precharge time 


Symbol 
Min 


twcK 
50 


twcw 
20 


twcp 
20 


tRCK 
50 


tRCW 
20 


tRCP 
20 


tAc 


tACR 


Unit 
Test Conditions 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
(Note 7) 


ns 
(Note 4) 


ns 
(Note 4) 


ns 


Access time after a reset 
cycle 


Output hold time 


Output hold time after a 
reset cycle 


Output active time 


Output disable time 


Data-in setup time 


tOH 
5 


tOHR 
5 


tlZ 
5 
40 


tHZ 
5 
40 


tDS 
15 


t-lEC 
pPD42505 


AC Characteristics 
TA = -20 to +70'C; 
VCC = +5.0V 
±10% 


"PD42S0S-S0 
"PD42S0S-7S 
"PD42S0S-S0H 
"PD42S0S-7SH 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Data-in hold time 
tOH 
5 
5 
5 
5 
ns 


Reset active setup time 
tRS 
t5 
20 
15 
20 
ns 
(Note 8) 


Reset active 
hold time 
tRH 
5 
5 
5 
5 
ns 
(Note 8) 


Reset inactive 
hold time 
tRN1 
5 
5 
5 
5 
ns 
(Note 9) 


Reset inactive 
setup time 
tRN2 
15 
20 
15 
20 
ns 
(Note 9) 


Write enable setup time 
tWES 
15 
20 
15 
20 
ns 
(Note 10) 


Write enable hold time 
tWEH 
5 
5 
5 
5 
ns 
(Note 10) II 


Write enable high delay from 
tWEN1 
5 
5 
5 
5 
ns 
(Note 11) 


WCK 


Write enable low delay to 
tWEN2 
15 
20 
15 
20 
ns 
(Note 11) 
WCK 


Read enable setup time 
tRES 
15 
20 
15 
20 
ns 
(Note 10) 


Read enable hold time 
tREH 
5 
5 
5 
5 
ns 
(Note 10) 


Read enable high delay from 
tREN1 
5 
5 
5 
5 
ns 
(Note 11) 


RCK 


Reed enable low delay to 
tREN2 
15 
20 
15 
20 
ns 
(Note 11) 


RCK 


Write disable 
pulse width 
tWEW 
0 
0 
0 
0 
ms 
(Note 6) 


Read disable 
pulse width 
tREW 
0 
0 
0 
0 
ms 
(Note 6) 


Write reset time 
tRSTW 
0 
0 
0 
0 
ms 
(Note 6) 


Read reset time 
tRSTR 
0 
0 
0 
0 
ms 
(Note 6) 


Transition 
time 
tT 
3 
35 
3 
35 
3 
35 
3 
35 
ns 


Notes: 


(1) All voltages 
are referenced to ground. 
(7) This parameter 
applies when tRCK 2: tACR (max) 


(2) 
Input pulse rise and fall times assume tT = 5 ns. 
(8) 
If either 
tRS or tRH is less than 
the 
specified 
value, 
reset 


(3) 
Input pulse levels = GND to 3 V. Transition 
times are measured 
operations 
are not guaranteed. 


between 3 V and 0 V. 
(9) 
If either tRN1 or tRN2 is less than the specified 
value, 
internal 


(4) This delay is measured at ±200 mvfrom the steady-state 
voltage 
reset operations 
may extend to cycles immediately 
preceding 
or 


with the load specified 
in figure 2. Under any conditions, 
tLZ 2: 
following 
the period of desired reset operations. 


tHZ· 
(10) If either tWES or tWEH (tRES or tREH) is less than the specified 


(5) 
Input timing 
reference levels = 1.5V. 
value, write 
(read) disable operations 
are not guaranteed. 


(11) If either 
tWEN1 or tWEN2 (tREN1 or tREN2l is less than 
the 
(6) tWEW (max) and tREW (max) must 
be satisfied 
by the 
next 
specified 
value, 
internal 
write 
(read) disable 
operations 
may 
equations 
in one line cycle operation: 
extend to cycles immediately 
preceding 
or following 
the period 
twEW + tRSTW + S048twCK S 5 ms (20 ms for -H versions) 
of desired disable operations. 


tREW + tRSTR + 5048tRCK S 5 ms (20 ms for -H versions) 
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Figure 4. 
Output 
Timing 
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Timing Waveforms 


Write Cycle 


Notes: 


[1J RSTW~VIH· 


[2J V ~ valid data. 


Notes: 


[1J RSTR ~ VIH. 


[2J V ~ valid data. 
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(1) WE~VIL' 


(2) V ~ valid data. 


Notes: 


[1J RE = VIL· 


[2J V ~ valid data. 


NEe 


_______ 
$,~Ht_t 
RH 
_ 


RSTR 
' ill 


[1] WE-RE=VIL 


(2] V = valid data. 


[3J Read cycles commence 
from the rising edge of RCK. 
For the first cycle 


In a group of reset cycles, the read access 
time is defined as t ACR . 


In all other cycles, 
tAC 
defines 
the read access 
time. 


[4) Write data is strobed into the device on the rising edge of WCK at the 
end of a cycle. 


NEe 


Notes: 


[11 V _valid 
data. 


[2J 1H : the first group of 5048 bits. 


2H = the second group of 5046 bits. 


NEe 


Timing Waveforms (cant) 


n-Bit Delay Une Cycle 


u 
II 


Notes: 


[1J 
V = valid data 


[2J 1H = the first group of bits. 2H = the second group of n' bits. 


[3J FiE = WE = VIL. 


NEe 


tJ 


RH 


tRS 


---------- 


RSTR 
I~ 


I 


DOUT~ 


7 :: 


[lJ 
RE = VIL 


[2J V = valid data. 


[3J The data stored In any locatlon can be re-read as many tlmes as desired, 


within a period 015 ms following 
the writing of data Into that location, provided 


that a second 
write 
cycle 
has not rewritten 
new data 
Into that location. 
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Timing Waveforms (cont) 


Write Disable Cycle 


lWEW 
J 


~sable 
CYde: 
}---------------------- 


Notes: 


[1] v: valid data. 


lREW 
J 


Disable Cycles 
~~---------------- 


Notes: 
11lV: valid data. 
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Timing Waveforms (cont) 


(5048-m)-Bit Delay Line No. 1 


WCK 
~O-5048 
1-5048 
~, 
. 


RSTR \U 
H-----. 


1 


----- 


I... 
m Cycles 


(1) RE =VIL, 


(2) V = valid data. 
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Timing Waveforms (cont) 


(5048-m)-Bit Delay Line No.2 


RSTR 
\ 
I 
/ 
---J5S 


RSTW 
\..!..J 


1_.. 
--mCydes 
s\ 
_ 


D 


[1) RE ~VIL: 


[2) V ~ valid data. 
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NEe Electronics Inc. 
pPD42270 


NTSC Field Buffer 


Description 


The pPD42270 is a field buffer designed for NTSC TV 
applications 
and for other applications 
where serial 


data is needed. Equipped with four planes of 263-line by 
910-bit storage, the pPD42270 can execute serial write 
and read cycles on any of the 263 lines. Within a line, 
four planes of 910 bits each may be written or read at 
the NTSC sampling rate of 4fsc. 


Each of the four planes in the pPD42270 is equipped 
with two ports, one each for the write and read data 
registers. Each of the registers is split into two 455-bit 
segments but functions as if it were organized as one 
scan line of 910 bits. Independent control of write and 
read operation 
makes it possible for the device to 


operate synchronously 
or asynchronously 
at a clock 
frequency of 14.3MHz or higher. 


The synchronous 
option 
simplifies 
interframe 
lumi- 


nance (Y) and chrominance (C) separation and inter- 
field noise reduction 
and makes it easy to obtain a 


one-field delay line for digital TV and VCR applications 
requiring NTSC 4fsc sampling. To obtain a very long 
delay, field length can be configured from 260 to 263 
lines and line length of the last line from 896 to 910bits. 


The asynchronous option is useful in applications such 
as frame synchronization 
and time base correction, 


where line jump, line hold, line reset and pointer clear 
functions are required to support special effects in TV 
field processing. 


Regular refreshing of the device's dynamic storage cells 
is performed automatically 
by an internal circuit. All 
inputs 
and 
outputs, 
including 
clocks, 
are 
TTL- 


compatible. The pPD42270 is packaged in a 400-mil, 
28-pin plastic DIP and is guaranteed for operation at 
-20 to +70°C. 


Access Time 
Cycle Time 


Part Number 
(max) 
Iml") 
Package 


pPD42270C·50 
40 ns 
50 ns 
28-pin plastic DIP 


Pin Configuration 


2B-Pin Plastic DIP 


W 


RCK 


WCK 


RCLR 


WCLR 


LSo 
LS, 


GND 


TEST 


OE 


DOUTo 


DOUT, 


DOUT2 


DOUT3 


MODE 


RLRST 


WLRST 


RLJ 


WLJ 


BS31RLH 


BS2IWLH 


VCC 


BS,IRCO 


BSOIWCO 


DINo 


DIN, 


DIN2 


DIN3 


o Three functional blocks 
- 
Four 263-line x 910-bit storage planes 
- 
Four 910-bit write registers, one for each plane 


- 
Four 910-bit read registers, one for each plane 


o Two data ports: serial write and serial read 


o Asynchronous operation 


- 
Dual-port accessibility 
- 
Carry-out feature to indicate position of scan 
line 


- 
Line jump, line hold, line reset, and pointer clear 
functions 


o Synchronous operation 


- 
Variable field length: from 260 to 263 lines 
- 
Variable last line length: from 896 to 910 bits 


o Automatic refreshing 


o CMOS technology 


o Fully TTL-compatible inputs, outputs, and clocks 


o Three-state outputs 


o Single + 5-volt power supply 


o On-chip substrate bias generator 


o Standard 400-mil, 28-pin plastic DIP packaging 
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Pin Identification 


Symbol 


DINe - DIN3 


DOUTe 
- DOUT3 


IN 


OE 


WCK 


RCK 


WCLR 


RCLR 


WIRST 


RIRST 
ww 


RW 


WLH 


RLH 


WCO 


RCO 


LSe - LSt 


BSe - BS3 


MODE 


GND 


vCC 


TEST 


Function 


Write data inputs 


Read data outputs 


Write enable 


Output 
enable 


Write clock input 


Read clock input 


Write pointer 
clear 


Read pointer clear 


Write line reset 


Read line reset 


Write line jump 


Read line jump 


Write line hold 


Read line hold 


Write data register carry output 


Read data register 
carry output 


Line select inputs 


Bit select inputs 


Synchronous/asynchronous 
control 


Ground 


+5-volt 
power supply 


Test pin (connect to GND in system) 


DINO - DIN3• These pins function as write data inputs, 
e.g., for 4fsc composite color or brightness signals. 


DOUTO 
- DOUT3. 
These pins are three-state read data 


outputs. 


Vi. A low level on IN enables write operation. IN must be 
kept low throughout the entire scan line to ensure that 
data is stored serially; if IN goes high any time during 
the WCK clock sequencing for a line, write operation 
will be disabled for the half of the line (455 bits) being 
written. The write address pointer increments in syn- 
chronization with WCK, regardless of W. 


OE. This signal controls read data output. When OE is 
low, read data is output on DOUTO-DoUT3. 
When OE is 


high, DOUTO - DOUT3 are in a state of high impedance. 
The read address pointer is incremented by RCK, re- 
gardless of the signal level of OE. 


WCK The rising edge of WCK latches write data from 


DINO - DIN3' Each time this signal is activated, the write 
bit pointer increments sequentially 
and 4 bits of data 


are sampled and loaded into the write register.Although 
the register functions as one scan line of 910 bits, data 
is moved into and out of it in blocks of 455 x 4 bits. While 
455 serial write cycles are being executed in one-half of 
the register, the 455 addresses previously written to the 
other half are simultaneously 
transferred to storage. 


Writing continues in this manner, alternating between 
the two halves of the register. Automatic refreshing and 
data transfer timing decisions are made by the internal 
arbitration circuit after each block of 455 addresses has 
been written. 


RCK. The rising edge of RCK initiates read operation. 
Each time this signal is activated, the bit pointer incre- 
ments by 1 and serial read cycles are executed in the 
read register. Although the register functions 
as one 


scan line of 910 bits, data is moved into and out of it in 
blocks of 455 x 4 bits. While 455 serial read cycles are 
being executed 
in one-half of the register, the 455 


addresses previously read out of the other half are 
replaced by data from the storage array. Reading con- 
tinues in this manner, alternating 
between the two 


halves of the register. Automatic refreshing and data 
transfer timing decisions are made by the arbitration 
circuit after each block of 455 addresses has been read. 
In synchronous operation, WCK controls read cycles 
and RCK is not used. 


WCLR. When WLRSTis high, WCLRcan be brought low 
to clear the write pointers to address 0 of the data 
register and scan line 0 of the storage array. At least 
one rising edge of WCK must occur while WCLR is held 
low for a minimum of 3Jis to ensure clearing of both 
pointers. The clear function 
ends when WCLR goes 


high. If WLRSTis still high, the next rising edge of WCK 
writes the data on DINO - DIN3 into address 0 of the write 
register. 


RCLR. When RLRST is high, RCLR can be brought low 
to clear the read pointers to address 0 of the data 
register and scan line 0 of the storage array (asynchro- 
nous operation on~ 
least one rising edge of RCK 


must occur while RCLR is held low for a minimum of 
3 Jis to ensure clearing of both pointers. The clear 
function ends when RCLR goes high. If RLRST is still 
high, the data from address 0 is read out on DOUTO - 


DOUT3 and the next rising edge of RCK initiates data 
access from address 1. 


WLRST. This pin is used in synchronous or asynchro- 
nous operation to reset the bit pointer to address 0 of 
the line following the one to which the signal is applied. 
In standard write operation, the scan line pointer incre- 
ments by 1 whenever the bit pointer reaches the last 
address of a line. If WCLR is high, WLRST can be 
brought low for a minimum of 3 Jis to force an end-of- 


NEe 


line condition. 
whereby write cycles begin executing 


from address 0 of the next sequential scan line. When 
used in conjunction with WLH, WLRST resets the cur- 
rent scan line; when combined with WLJ,WLRSTbegins 
writing from address 0 of the line to which the scan line 
pointer is jumped. 


RLRST.This pin is valid in asynchronous operation and 
can be used to reset the bit pointer to address 0 of the 
read line following 
the one to which the signal is 


applied. 
In standard 
read operation, 
the scan line 


pointer 
increments 
by 
1 whenever the 
bit 
pointer 


reaches the last address of a line. If RCLR is high, 
RLRST can be brought low for a minimum of 3J1s to 
force an end-of-line 
condition, 
whereby read cycles 


begin executing from address 0 of the next sequential 
scan line. When used in conjunction with RLH, RLRST 
resets the current scan line; when combined with RLJ 
RLRST begins reading from address 0 of the line t~ 
which the scan line pointer is jumped. 


WLJ. Each positive pulse of this signal increments the 
write 
scan line pointer 
by one line (asynchronous 


operation only). WLJ is sampled at the rising edge of 
WCK. If WLJ is high, a single jump is executed. If WLJ 
remains high, no further jumps occur. To jump again, 
WLJ must go low for at least one rising edge of WCK 
before going high again. It takes a minimum of two WCK 
cycles to complete a line jump. The first cycle senses 
the high level of WLJ and increments the scan line 
pointer. An additional 
WCK cycle with WLJ low is re- 


quired to complete the function. If more than one line 
jump is needed, then the sequence must be repeated. A 
line jump occurs either when the current line has been 
completely 
filled or after WLRST has reset the write 


address. The new scan 
line can be calculated 
by 


n+ 11+ 1x (where "n" is the current line and "x" equals 
the number of positive WLJ pUlses).Changes in the level 
of WLJ must be made when the bit pointer is between 
locations 
229 and 909 of the current line and when 


WCLR and WLRST are high and WLH is low. 


RLJ. Each positive pulse of this signal increments the 
read scan line pointer by one line (asynchronous oper- 
ation only). RLJ is sampled at the rising edge of RCK. If 
RLJ remains high, a single line jump is executed. To 
jump again, RLJ must go low for at least one rising edge 
of RCK before going high again. It takes a minimum of 
two RCK cycles to complete a line jump. The first cycle 
senses the high level of RLJ and increments the scan 
line pointer. An additional 
RCK cycle with RLJ low is 


required to complete the function. If more than one line 
jump is needed, then this sequence must be repeated. 


A line jump occurs either when the current line has been 
completely 
read or after RLRST has reset the read 


address. The new scan 
line can be calculated 
by 


n+ 1+ x (where "n" is the current line and "x" equals 
the number of positive RLJ pulses). 


Changes in the level of RLJ must be made when the bit 
pointer is between locations 682 and 909 of the previ- 
ous line, or between 0 and 452 of the current line, and 
when RCLR and RLRST are high and RLH is low. 


WLH. Once this input is applied, the write scan line 
pointer will hold its position even if successive write 
clocks are applied. The level of WLH is sampled at the 
rising edge of WCK and must be applied 
between 


locations 229 and 909 of the line to be held. The held 
line is released after 910addresses have been rewritten 
or after WLRST resets the write line address. WLH is 
multiplexed 
with 
BS2 and is valid in asynchronous 


operation only. WLH (high) must be input only when 
WCLR and WLRST are high and WLJ is low. 


RLH. Once this input is applied, the read scan line 
pointer will hold its position even if successive read 
clocks are applied. The level of RLH is sampled at the 
rising edge of RCK and must be clocked 
between 


locations 682 and 909 of the line preceding the line to 
hold, or between locations 0 and 452 of the line to hold. 
The held line is released after 910addresses have been 
read or after RLRST resets the read line address. RLH 
(high) must be input only when RCLR and RLRST are 
high and RLJ is low. RLH is multiplexed with BS3and is 
valid in asynchronous operation only. 


WCO. When the bit pointer reaches address 909 of the 
write data register, this signal goes high for one WCK 
cycle. WCO is multiplexed 
with BSo and is valid in 


asynchronous operation only. 


RCO. When the bit pointer reaches address 909 of the 
read data register, this signal goes high for one RCK 
cycle. RCO is multiplexed 
with BS, and is valid in 


asynchronous operation only. 


BSo - BS3. These pins control the number of bits in the 
last line of the field. The combined signals of BSo-BS3 
set the line length from 896 to 910 bits in one-bit steps 
(table 1).The length of the last line can change for each 
field, but all four pins should not be set low. BSo, BS1, 
BS2and BS3are multiplexed with WCO, RCO, WL Hand 
RLH, respectively, and are valid in synchronous oper- 
ation only. In asynchronous operation, the line length is 
fixed at 910 bits. 


LSo - LS1. These pins control the number of lines for 
one field in either synchronous or asynchronous oper- 
ation. The combined signals of LSo and LS, set the 
number of lines to 260, 261, 262, or 263 (table 2). The 
number of lines can be changed for each field. 
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MODE. This pin selects the operating 
mode. A low 
signal selects synchronous operation and a high signal 
selects asynchronous operation. 
If MODE is changed 
after power has been applied to the pPD42270, it is 
necessary to clear the address pointers by bringing 
WCLR and RCLR low. MODE can be changed at any 
time; however, data input in one mode may be unreli- 
able in the other (see table 3 for valid pin functions). 


Table t. 
Line Length Adjustment 


Number 
of Bits 
BS3 
BS2 
BS, 
BSD 
in the Last Line 


L 
L 
L 
L 
Prohibited 


L 
L 
L 
H 
896 


L 
L 
H 
L 
897 


L 
L 
H 
H 
898 


L 
H 
L 
L 
899 


L 
H 
L 
H 
900 


L 
H 
H 
L 
901 


L 
H 
H 
H 
902 


H 
L 
L 
L 
903 


H 
L 
L 
H 
904 


H 
L 
H 
L 
90S 


H 
L 
H 
H 
906 


H 
H 
L 
L 
907 


H 
H 
L 
H 
908 


H 
H 
H 
L 
909 


H 
H 
H 
H 
910 


Notes: 


(1) LSD- LS1 and BSD- BS3 must be held at a stable high or low level 
to maintain the number of bits per scan line end the number of 
scan lines per field while the line pointer 
indicates the position 
between lines 258 and 262. 


Capacitance 
TA = 2S"C; Vcc = +s.o v ±10%; GND = 0 v; f = , MHz 


Parameter 
Symbol 
Mln 
Typ 


Input capacitance 
CI 


I/O capacitance 
Cvo 


Output 
capacitance 
Co 


Table 2. 
Line Number Adjustment 


LS, 
LSD 
Number 
of Lines 


L 
L 
260 


L 
H 
261 


H 
L 
262 


H 
H 
263 


Notes: 


(1) LSo - LS, and BSo - BS3 must be held at a stable high or low level 


to maintain the number of bits per scan line and the number of 
scan lines per field 
while the line pointer 
indicates 
a position 


between lines 258 and 262. 


Synchronous 
Mode 
Asynchronous 
Mode 


Pin Name 
(Note 1) 
(Note 2) 


MODE 
0 
1 


BSofWCO 
BSo 
WCO 


BS,/RCO 
BS, 
RCO 


B~!WLH 
BS2 
WLH 


BS3IRLH 
BS3 
RLH 


RCLR 
Invalid 
Valid 


RCK 
Invalid 
Valid 


RLRST 
Invalid 
Valid 


WCLR 
Valid 
Valid 


WCK 
Valid 
Valid 


WLRST 
Valid 
Valid 


WLJ 
Invalid 
Valid 


RLJ 
Invalid 
Valid 


Notes: 


(1) Write and read cycles are controlled 
by WCLR, WCK, and WLRST 


in synchronous 
operation. 


(2) In asynchronous 
operation, 
write 
and read cycles are controlled 


independently. 


Pins Under Test 


DINO- D1N3. Vi, OE. WCK, RCK, WCLR. RCLR. WLRST, RLRST, 
WLJ. RLJ. LSo• LS" 
B~!WLH. 
BS3IRLH. 
MODE 


BSo/WCO, 
BS,/RCO 


Dour- 
Dour 


The JiPD42270 supports two operating modes to ac- 
commodate various NTSC TV applications. 
Depending 


on the logic level of the MODE pin, the device will 
execute either synchronous or asynchronous write and 
read cycles on the addresses specified by the internal 
address pointers. When selecting the mode after power- 
on, it is necessary to reset these pointers to starting 
address 0 using WCLR and RCLR. The level of MODE 
may be changed at any time. 


Synchronous Mode 


In synchronous 
mode, write and read cycles are exe- 


cuted simultaneously 
by WCLR, WLRST,WCK, Wand 


OE to create a delay line, which means that write and 
read addresses always coincide. After all lines within a 
field have been written, they then are read out as the 
device begins overwriting 
new data to the same ad- 


dresses again. Field length may be configured from 260 
to 263 lines and last line length from 896 to 910 bits by 
means of the LS and BS pins, respectively. Synchro- 
nous operation is useful in applications 
where a very 


long delay line is required and may be selected by 
setting MODE low. 


Asynchronous 
Mode 


In asynchronous 
mode, WCLR, WLRST, WCK and W 


control write cycles, while read cycles are controlled 
independently 
by RCLR, RLRST, RCK and OE. Field 


length may be configured from 260 to 263 lines using 
LSo - LS1. Line length remains fixed at 910 bits and 
BSo-BS3are disabled to provide for the register carry 
out, line hold, and line jump functions. Asynchronous 
operation is useful for frame synchronization 
or time 


base correction and may be selected by setting MODE 
high. 


Address 
Clear. Setting WCLR and RCLR low for a 


minimum of 3 Jis during successive WCK and RCK 
cycles initializes the internal pointers to starting 
ad- 
dress 0 of the first scan line (RCLR is disabled in 
synchronous 
mode). Although 
address clear signals 


must meet the specifications 
for setup and hold times 


as measured from the rising edges of WCK and RCK, 
they are not dependent on the status of W or OE. An 
address clear cycle cannot occur in conjunction 
with 


WLRSTor RLRST line reset cycles. 


Write Operation. Write c1..clesare executed in synchro- 
nization with WCK as W is held low. Bits are input 
sequentially 
into one of the two halves of the data 


register before being transferred to the storage array. 
Since data is transferred into the array in blocks of 455 
x 4 bits, no data transfer occurs if W goes high to 
disable write operation before all 455 bits are written. 
Despite write operation being disabled, the internal bit 
pointer continues to increment with each successive 
write clock. 


Read Operation. Read cycles are executed in synchro- 
nization with RCK (asynchronous operation 
only) or 


WCK (synchronous operation only) as OE is held low. If 
OE goes high any time during a cycle, the outputs are in 
a state of high impedance until OE returns low. Since 
the internal bit pointer increments by 1 in spite of read 
operation being disabled, it is always important to reset 
the write and read pointers using WCLRand RCLR prior 
to beginning or resuming operation at the first address 
location in the array. 


Special Functions 


Line Reset. A line reset is similar to an address clear 
cycle, except that it only affects the bit pointers within a 
line. While WCLR and RCLR are held high, WLRST or 
RLRSTcan be brought low for a minimum of 3 Jis during 
successive WCK or RCK cycles to reset the bit pointer to 
address 0 of the scan line. At the completion of the reset 
cycle, the next sequential scan line will be selected 
unless line hold (WLH or RLH) or line jump (WLJ or 
RLJ) are also used. See WLRST and RLRST for more 
detail. 


A combination of line reset and an address clear cycle 
must be separated by at least one serial clock cycle. 
The timing relationship of WCLR, WLRST and WCK (or 
RCLR, RLRST and RCK) is shown in figure 1. 


In asynchronous operation, WLRST and RLRST inde- 
pendently reset the write and read bit pointers. During 
synchronous operation, WLRST resets both pointers. 


Line Jump. With the line jump function, it is possible to 
advance the current write or read line position accord 
ing to the number of positive WLJ or RLJ pulses applied 
(see descriptions 
for the WLJ and RLJ pins). In this 


cycle, which is valid in asynchronous mode only, the 
scan line pointer resets to address 0 if the number of 
positive 
pulses 
causes 
the 
resulting 
line 
number 


(n+11 + 1x,where "n" isthe current line number and "x" 
is the number of positive WLJ or RLJ pulses) to exceed 
the maximum line number (number of lines minus 1) 
specified by the LSoand LSl pins (table 2). 
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Line Hold. The line hold feature is available in asyn- 
chronous mode only and can be used to prevent the 
internal scan line pointers from incrementing to the next 
sequential address. The read and write line pointers 


may be held independently; however, restrictions 
per- 


taining to when this function can be initiated, detailed in 
the descriptions for the WL Hand RL H pins, should be 
carefully followed. 


LSO -LS, 


BSolWCO 
BS,/RCO 
BS2IWLH 


BS3/RLH 


MODE 


WCK 


Vi 


WCLR 


WLRST 
WLJ 


RCK 
DE 
RCLR 
RLRST 


RLJ 


Data 
Input 
Buffer 


Scan 
line 


Selector 


NEe 


DC Characteristics 
TA = -20 to +70·C; VCC = +5.0V 
±10%; GND = OV 


Parameter 
Symbol 
Mln 
Typ 


Input leakage current 
III 
-10 


Output leakage current 
10l 
-10 


Output voltage, high 
VOH 
2.4 


Output voltage, low 
VOL 


Standby current 
ICCl 
6 


Operating current 
ICC2 
40 


Supply voltage on any pin except VCC relative 
to GND, VAl 


Supply voltage on VCC relative to GND, VA2 


Operating temperature, TOPA 
-20 to +70·C 


Storage temperature, TSTG 
-55 to +125·C 


Short-circuit 
output current, los 
50 mA 


Power dissipation, 
PD 
1.5 W 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; 
exceeding the ratings could cause perma- 


nent damage. The device 
should 
be operated 
within 
the 
limits 
specified 
under DC and AC Characteristics. 
II 
Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
VCC 
4.5 
5.0 
5.5 
V 


Input voltage, high 
VIH 
2.4 
VCC 
V 


Input voltage, low 
V1l 
-1.5 
0.8 
V 


Ambient temperature 
TA 
-20 
70 
·C 


Max 
Unit 
Test Conditions 


10 
IlA 
VIN = 0 V to VCC; all other pins not under test = 0 V 


10 
IlA 
DoUT disabled; VOUT= 0 V to VCC 


V 
10H= -1 mA 


0.4 
V 
tOl = 2mA 


20 
mA 
WCK, RCK = Vll 


80 
mA 
tWCK = tWCK (min); tACK = tACK (min) 


AC Characteristics 
TA = -20 to +70·C; VCC = +5.0 V ±10%; GND = 0 V 


Parameter 
Symbol 
Min 


Access time from RCK 
tAC 


Write clock cycle time 
tWCK 
80 


Write clock active pulse width 
twcw 
20 


Write clock precharge time 
twcp 
20 


Read clock cycle time 
tACK 
80 


Read clock active pulse width 
tACW 
20 


Read clock precharge time 
tACP 
20 


Output hold time 
tOH 
5 


Output low impedance delay 
tlZ 
5 


Data output buffer high impedance delay 
tHZ 
5 


Input data setup time 
tDS 
15 


(Note 6) 


(Note 7) 


AC Characteristics 
(cent) 


Parameter 
Symbol 
Mln 
Max 
Unit 
Test Conditions 


Input data hold time 
tOH 
3 
ns 


WCLR (RCLR) setup time before the rising edge of WCK (RCK) 
tcs 
20 
ns 
(Note 8) 


WCLR (RCLR) hold time after the rising edge of WCK (RCK) 
tCH 
3 
ns 
(Note 8) 


WCLR (RCLR) invalid 
hold time after the rising 
edge of WCK (RCK) 
tCN1 
5 
ns 
(Note 8) 


WCLR (RCLR) invalid 
setup time before the rising edge of WCK (RCK) 
tCN2 
20 
ns 
(Note 8) 


WCLR (RCLR) low level valid time 
tCLR 
3 
/.Is 


WLRST (RLRSl) 
setup time before the rising edge of WCK (RCK) 
tLRS 
20 
ns 
(Note 8) 


WLRST (RLRSl) 
hold time after the rising edge of WCK (RCK) 
tLRH 
3 
ns 
(Note 8) 


WLRST (RLRSl) 
invalid 
hold time after the rising edge of WCK (RCK) 
tLRN 
5 
ns 
(Note 8) 


WLRST (RLRSl) 
invalid 
setup time before the rising edge of WCK 
tLRN 
20 
ns 
(Note 8) 


(RCK) 


WLRST (RLRSl) 
low level valid time 
tLRST 
3 
/.Is 


W setup time before the rising edge of WCK 
tws 
20 
ns 
(Note 9) 


W hold time after the rising edge of WCK 
tWH 
3 
ns 
(Note 9) 


W valid hold time after sub line (1/2) switch 
tWN1 
5 
ns 
(Note 9) 


W valid setup lime before subline 
(1/2) switch 
tWN2 
20 
ns 
(Note 9) 


WLH 
(RLH) selup time before the rising edge of WCK (RCK) 
tLHS 
20 
ns 


WLH 
(RLH) hold time after the rising edge of WCK (RCK) 
tLHH 
3 
ns 


WLH 
invalid 
hold time measured from the end of write cycle 227 
twHNl 
5 
ns 


WL H invalid 
setup time measured before write cycle 0 
twHN2 
20 
ns 


RLH invalid 
hold time measured from the end of read cycle 681 
tRHN1 
5 
ns 


RLH invalid 
setup time measured before read cycle 453 
tRHN2 
20 
ns 


WLJ (RLJ) setup time before the rising edge of WCK (RCK) 
tus 
20 
ns 


WLJ (RLJ) hold time after the rising edge of WCK (RCK) 
tLJH 
3 
ns 


WLJ hold time measured from the end of write cycle 227 
twJN1 
5 
ns 


WLJ setup time measured 
before write cycle 0 
tWJN2 
20 
ns 


RLJ hold time measured from the end of read cycle 681 
tRJN1 
5 
ns 


RLJ setup time measured before read cycle 453 
tRJN2 
20 
ns 


OE setup time before the rising edge of RCK (WCK) 
tOES 
20 
ns 
(Note 9) 


OE hold time after the rising edge of RCK (WCK) 
tOEH 
3 
ns 
(Note 9) 


OE valid 
hold time after the rising edge of RCK (WCK) 
tOEN1 
5 
ns 
(Note 9) 


OE valid setup time before the rising edge of RCK (WCK) 
tOEN2 
20 
ns 
(Note 9) 


LS, BS setup time before WCK (RCK), line 258 
tFSS 
0 
ns 


LS, BS hold time after WCK (RCK), line 0 
tFSH 
3 
J1S 


Write carry output 
high level delay 
tWCLH 
40 
ns 


NEe 


Parameter 


Write carry output 
low level delay 


Read carry output 
high level delay 


Read carry output 
low level delay 


Transition 
time 


Symbol 


twCHL 


tRCLH 


tRCHL 


tT 


Notes: 


(1) All voltages 
are referenced to GND 


(2) Ac measurements 
assume tT = 5 ns. 


(3) 
Input timing 
reference levels = 1.5 V; input levels are measured 


between GND and 3.0 V; output levels are measured between 0.8 
and 2.0 V. See figures 2 and 3. 


(4) 
VIH (min) and VIL (max) are reference levels for measuring 
the 
timing 
of input signals. Transition 
times are measured between 


VIH and VIL' 


(5) The minimum 
specifications 
are used only to indicate the cycle 
time at which 
proper operation 
over the full temperature 
range 


(TA= -20 to 70·C) is assured. 


(6) This delay is measured at-200 
mV from the steady-state 
voltage 
with the load specified 
in figure 5. 


(7) This delay 
is measured 
at the maximum 
steady-state 
output 
high voltage -200 
mV or the minimum 
steady-state 
output 
low 


voltage 
+200 mV with 1he load specified 
in figure 5. 


(8) 
For proper execution 
of the pointer clear and line resetfunctions. 


specifications 
for tcs. 
tCH. tCN1. tCN2. tLRS. tLRH, tLRN1 and 
tLRN2 must be met; otherwise. these functions 
may not affectthe 


desired cycles or may affect adjacent cycles erroneously. 


(9) 
If a W (or OE) pulse does not satisfy the specifications 
for tws. 


tWH, tWN1 and tWN2 (or tOES, tOEH' tOEN1 and loENV. the write 
disable function 
(output 
high impedance) 
being executed 
may 
not affect 
the 
desired 
cycles 
or may 
affect 
adjacent 
cycles 
erroneously. 


For the J/PD42270 to read new data, 
read operation 
must be 


delayed from write 
operation 
by at least 920 cycles. In those 


cases where the delay is less than 920 cycles. read data will vary 
as shown below: 


Source 
of Read Data 


Old data 


Delay Between 
Write 


and Read Operation 


o to 450 cycles 


Indeterm inate (either old or new data) 
451 to 919 cycles 


New data 
920 or more cycles 
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Timing Waveforms 


Synchronous Write/Read Cycle 


Notes: 


(1) In synchronous 
mode, output data Is delayed by one field from the Input data. 


(2) WLRST 
- WCLR - VIH. MODE = VIL. LSOand LS 1= VIH or V IL. RLRST, 


RCLR, and RCK are "don1 care" Inputs. 


(3) BSO - BS3 = VIH or VIL. 


(4) Data Is transferred 
into and out of the data registers in blocks of 455 x 4 bIts. 


When IN goes high before all 455 words are input, write operation 
is dlsabied 


and none of the words are transferred 
to the storage 
array. 


II 


tttfEC 


(1) WCLR = RCLR =VIH' 
WLRST = RLRST = VIH' MODE =VIH' 


[2J RLJ, WLJ, WLH, and RLH = VIH or VIL' LSO and LS 1 = VIH orVIL. 


[3) Data Is transferred 
Into and out of the data registers in blocks of 455 x 4 bits. 


When W goes high before all 455 words are Input, write operation 
is disabled 


and none of the words are transferred 
to the storage 
array. 


fttfEC 


Notes: 
['] W = BE = VIL. MODE - VIL. 


[2] LSO andLS, 
=VIH 
orVIL· 
BSO. BS,.BS2 
andBS3 
=VIHorVIL 


[3J RLRST. RCLR, and RCK = don't care. 


[4] WLRST = VIH during the clear cycle. 
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Notes: 
['J Iii = OE = Vil' 
MODE 
K VIH WlRST 
and RlRST = VIHdurlng clear pulse. 


[2J 
lSo 
and lS, 
= VIH or Vil. 


[3J WlH, 
RlH, WLJ and RlJ - Vil during clear pulse. 
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tLAH 


lLAST 


Noles: 


[1J WCLA ~ VIH 'ii,OE and MODE = VIL' 


[2J LSO and LS, = VIH or VIL, 6S0- 
6S3= 
VIHor VIL, 


[3J ACLA, 
ALAST, 
ACK, WLJ, ALJ = don't care, 


II 


Notes: 


[') 
WCLR, RCLR and MODE = Vu+ WLH, RLH, WLJ, and RLJ = VIL during a 


reset cycle. 


(2) LSO and LS, = VIL. 


(3) W=OE 
= VIL. 


NEe 


II 


~O 
J 
------~' 
\'---- 


Notes: 


[1J RCLR, RLRST, 
RCt<, RLH, RLJ, 'ii, and DE _ don't care. 


[2] 
K and K' - 229 to 909 of line n. 


[3J WLRST and WCLR - VIH 


[4J 
LSO and LS1 - VIH or VIL· 


RLH 
VIL------------------------------------------ 


RCO 
r--\. 
r--\. 


-----~s_I. 
~$~--------------__i$s_I 
"-'$--- 


Notes: 


[1J WCLR, WLRST, WCK, WLH, WLJ, 'ii, and Of 
_ don't care. 


[2] J and J' _ 0 to 452 of Unen or 682 to 909 of line n -1. 


[3] 
RLRST and RCLR = VII-f 


[41 
LSO and LS1 - VIH or VIL. 
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Timing Waveforms (cont) 


Write Une Hold Cycle 


tWHN2 


I 


~s 
I 
'~"~ 
h="' 


ss rx 
_ 


Notes: 


[1] 
RLRST, RLJ, W, RLH, OE, RCLR, and RCK = don'teare. 


[2] K = 229 to 909. 


[3] WLRST 
= VIH WLJ = VIL. 


[4] LSo 
and LS1 - VIHor VIL. 


RCO 
1\ 
----------Sr-! 
\....sr--sS 


Notes: 


[1J WLRST, 
WLJ, W, WLH, OE, WCLR, and WCK = don't eare. 


[2] J ~ 682 to 909 In (n _1)th 
or 0 to 452 In nth line. 


[3J RLRST 
= VIH RLJ = VIL· 


[4J LSO andLS1 
~VIHorVIL. 
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Notes: 


(1) WLRST 
and WCLR 
~ VIH. 


(2) MODE = VIL . 


[3J RLRST, 'ii,RCK, RCLR, and 6E = don't care. 


"-~1\fJ\7\J\J\IVV\ 


I 
Line 257 
Line 258-262 
Line 0 - 


909 
0 


Notes: 


[lJ 
WCLR, 
RCLR, WLRST, 
and RLRST ~ V IHo 


[2J MODE = VIH. WLJ and RLJ = V IL. 


(3) 'ii,OE, WLH, and RLH = don't care. 
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Timing Waveforms (cont) 


Write Register Carry Out 


Notes: 


[1] MODE, WCLR, 
RCLR, WLRST, 
RLRST - V IH 


[2] LSo and LS1 - VIHor 
VIL 


[3J OE, W, WLH, RLH, WLJ, RLJ = don't care. 


Notes: 


[1J MODE, WCLR, 
RCLR, WLRST, 
RLRST - VIH' 


[2J 
LSO and LS1 = VIHor V IL 


[3J OE, W. WLH, RLH, WLJ, RLJ - don'l care. 
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- 
~ 
W 
MODE 


1 
RCK 
2 
27 
RLRsT 


WCK 
3 
26 
WLRsT 
T 


RCLR 
4 
25 
RLJ 
I 
WCLR 
5 
24 
WLJ 
r 
I 
Lso 
6 
23 
Bs31RLH 


r 
Ls1 
7 
R 
22 
Bs2IWLH 


GND 
~ 
Vcc 
8 
... 
21 


I 
0 
TEST 
9 
ll. 
20 
Bs11RCO 


"- 
I 
OE 
10 
19 
BsOIWCO 


DOUTO 
11 
18 
DiNe 


DOUTl 
12 
17 
DIN1 


DOUT2 
13 
16 
DIN2 


DOUT3 
14 
15 
DIN3 


APPLICATION 
EXAMPLES 


Delay Line 


The synchronous mode may be used to create a full- 
field delay line with a fixed length (figures 6 and 7). 
Useful video applications 
include field interpolation, 
interframe 
noise reduction, 
and separation 
of lumi- 


nance (Y) and chrominance (C) signals. In these appli- 
cations, field buffer size is determined 
by the logic 


levels applied to pins LSe - LS1 and BSe - BS3. The 
former allows variation of the number of lines from 260 
to 263, while the latter controls the actual line length at 
896to 910bits for the last line. The actual delay between 
data being written into DIN and read on DOUT is con- 
trolled by the WCK clock period and the con figured 
size of the buffer. 


Frame Synchronization 
or Time Base Correction 


The pPD42270 has the capability 
of executing 
asyn 


chronous 
write 
and read cycles by independently 


clocking WCK and RCK, respectively. The feature is 


VCC 


Clock 


Data { 
Output 


useful in applications requiring frame synchronization, 
time base correction 
or buffering, where WCK, RCK, 


WCLR and RCLR may all have variable time periods. In 
addition, the write carry out ryvCO) and read carry out 
(RCO) options give a positive indication when the bit 
pointer reaches the end of the line. 


Vertical or Horizontal Image 
Compression 
and Expansion 


Vertical compression and expansion of the video im- 
age may be accomplished by means of the line jump or 
line hold functions. Compression occurs when WLJ or 
RLJ are used to jump over lines that are not to be 
displayed. Expansion occurs when the WLH or RLH 
line hold signals are used to display a line multiple 
times. 


Horizontal 
compression 
and 
expansion 
can 
be 


achieved by modifying the cycle time of the WCK and 
RCK clocks, and by using the WLRST and RLRST line 
reset signals. 


II 


} 


Data 


Input 


Notes: 


(1) W, CE, MODE, WLJ, and RLH - VIL, 


(2) BsO- 
Bs3,LsO 
- Ls1, WCLR, and WLRsT = VIH. 


(3) 
RCK, RCLR, and RLRsT = don't care. 


~ 
Figure 7. 
Delay Line Timing 


co 
(» 


WCK V\J\..J 


DOUTO-D0UT3 
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Notes: 


[11 J=910n+m. 


[21 n = 259, 260, 261, or 262. 


[31 m = 696 to 910. 


[4] MODE, Vi, and i5E = VIL. 


[5] WLRST and WCLR = VIH. 


[6] BSo-BS3andLSo-LS1=VIHorVIL. 


[7] RLRST, RCK, and RCLR = don' 
care. 
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GND 


Read Clock 


Write Clock 


Read Clear 


Write Clear 


VCC 


- 
~ 
W 
MODE 


RCK 
2 
27 
RLRST 
1 


WCK 
3 
26 
WLRST 
r 


RCLR 
4 
25 
RLJ 


WCLR 
5 
24 
WLJ 
I 


LSO 
6 
23 
BS3/RLH 
1 
1 
LS, 
7 
R 
22 
BS2IWLH 
r 
'" 
GND 
'" 
Vcc 
8 
'" 
21 
1 
0 
TEST 
9 
Q. 


20 
BS1/RCO 


"- 
T 
OE 
'0 
19 
BSOIWCO 


DOUTO 
" 


18 
DINO 


DOUT1 
'2 
17 
DIN' 


DOUT2 
13 
16 
DIN2 


DOUT3 
14 
15 
DIN3 


VCC 


Read Carry OUt 


} 


w:::arry 
Out 


Input 
Data { 
Output 


Notes: 


(1) W, OE, WLJ, RLJ, WLH, and RLH = VIL. 


(2) LSo- 
LS" 
MODE, WLRST, and RLRST = VIH. 


Notes: 


I1J MODE, 
WLRST, 
and RLRST = VIH. 


[2J WandOE=VIL. 


[3J LSO and LS, 
~ VIH or VIL. 


[4J WLH, RLH, RLJ, and WLJ ~ V IL. 
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NEe 
NEe Electronics Inc. 
JlPD42272 


Picture-in-Picture 
Generator 


Description 


The JLPD42272is a picture-in-picture generator designed 
for use in NTSC and PALbroadcasting systems. Picture- 
in-picture describes the device's ability to combine mul- 
tiple video signals into a single signal for display on a 
television monitor, for input to a VCR, or for use in any 
manner that a single video signal is used. The format 
may be selected so that one primary picture is displayed 
over the entire picture area. The other subpicture(s) can 
then be superimposed onto the primary one to allow 
multiple picture sources to be viewed simultaneously. 


The JLPD42272has an onboard controller, field storage, 
buffer storage, two line buffers, and two oscillators. The 
controller setsthe timing, performs vertical filtering, and 
stores and retrieves subpicture signal(s) for insertion 
into the primary picture signal. A line of the subpicture 
signal is placed in buffer storage before being written 
into field storage, which contains that portion of the 
signal to be displayed. The line buffers store a weighted 
average of three lines of the subpicture signal to provide 
vertical filtering, while the onboard oscillators facilitate 
interfacing to the JLPD42272. 


The levelof integration provided by the JLPD42272means 
that picture-in-picture can be achieved more quickly and 
easily than with standard video buffers and control 
circuitry. 


Features 


o NTSC and PAL compatibility 
o Built-in vertical filter 
o Selectable subpicture display size 
o 134,676-bit field buffer 
o Two line buffers 
o Built-in input and output oscillators 
o Four selectable screen positions 
o Four-color selection of subpicture frame border 
o Selectable freeze-frame display 
o Automatic self-refreshing 
o 6-bit resolution of Y, R-Yand B-Y signals 
o Low power consumption of 75 mA max 
o CMOS silicon-gate fabrication process 
o Three-state outputs 
o Fully TTL-compatible inputs and outputs 
o Single +5-volt power supply 
o 54-pin quad f1atpack (QFP) packaging 


Pin Configuration 


64-Pin Plastic QFP 


YSW 


RSW 


BSW 


ADCK 


(LSB) D1a 


DI, 


DI2 


DI3 


DI4 


(MSB) D15 


GND 


NIP 


MFC 


SFC 


MFDIS 


SFDIS 


FOE 


FCa 
FC, 


5' 
50 


49 


48 


47 


46 


45 


44 


43 


42 


41 


40 


39 


38 


37 


36 


35 


34 


'9 
33 
~N~~c:!j~~~rerogc:;~ 


Ordering Information 


Part Number 


DOYa (LSB) 


DOY, 


DOY2 


DOY3 


DOY4 


DOY5(MSB) 


DORa (LSB) 


DOR, 


VDD 


DOR2 


GND 


DOR3 


DOR4 


DOR5(MSB) 


DOBa (LSB) 


DOB, 


DOB2 


DOB3 


DOB4 


Package 


54-pin plastic quad flalpack 


NEe 


ADCK 


YSW 


RSW 


BSW 


SHS 
__ 


SVS 


STILL 


SFC 


Input Controller 
& 


Oscillator 


SFDIS 


SOSCI 


SOSCO 


HPS 


VPS 


SIZE 


MOSCI 


MOSCO 


BLANKING 


YDACK 


RDACK 


BDACK 


RCK 


MFC 


MFDIS 
FDE 
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Symbol 


ADCK 


BDACK 


BLANK 


BSW 


010 - Dis 


DISP 


DOBo - DaBs 


DORo·DOY's 


DOY'0 - DOY's 


FCo and FCl 


FOE 


HPS 


MFC 


MFDIS 


MHS 


MaSCI 


MOSCO 


MVS 


N/P 


RCK 


RDACK 


SFC 


SFDIS 


SRS 


SIZE 


SOSCI 


SOSCO 


STILL 
~ 


TEST0 - TEST2 


VPS 


YDACK 


YSW 


VDD 


GND 


Analog/digital 
clock output 


Digital/analog 
clock for B-Y component 
signal 


output 


Main picture 
blanking output 


010 - D1soutput enable for B-Y component 
signals 


Multiplexed 
B-Y, R-Y, and Y data inputs 


Subpicture 
on/off input 


B-Y data outputs 


R-Y data outputs 


Y data outputs 


Frame color selection 
input 


Field distinction 
data enable input 


Horizontal 
position 
input 


Main picture field correction 
input 


Main picture field distinction 
input 


Main picture horizontal 
synchronous 
input 


Main picture oscillator 
input 


Main picture oscillator 
output 


Main picture vertical synchronous 
input 


NTSC/PAL switching 
input 


Read clock output 


Digital/analog 
clock for A-Y component 
signal 


output 


010 - Dis output 
enable for A-Y component 


signals 


Subpicture 
field correction 
input 


Subpicture 
field distinction 
input 


Subpicture 
horizontal 
synchronous 
input 


Size selection 
input 


Subpicture 
oscillator 
clock input 


Subpicture 
oscillator 
clock output 


Freeze frame input 


Subpicture 
vertical synchronous 
input 


Test terminals 


Vertical position 
input 


Digital/analog 
clock for Y component 
signal 
output 


010 - Dis output 
enable for Y component 
signals 


+S-volt power supply 


Ground 


Pin Functions 


AOCK. Y,R-Yand B-Y component signals selected with 
the analog switch are converted from analog to digital 
data in synchronization with this 6 MHz sampling clock. 
Digitized component signals are sequentially input to 
the 010- 015pins, also in synchronization with this clock. 


BOACK. Digitized B-Y component signals are output 
from the DOBo - DaBs pins in synchronization with this 
2.25 MHz sampling clock. 


BLANK. When high, this output signal blanks the main 
picture, enabling the subpicture to be displayed. 


BSW.A high logic level on BSW(while RSWand YSWare 
low) enables the 010- 015 pins to be used for receiving 
6-bit B-Y data from the AID converter. 


010 through 
015, These multiplexed pins are used for 


6-bit digitized subvideo input, either B-Y, R-Y or Y, de- 
pending on the levels of BSW,RSWand YSw. 010is the 
least significant bit and 015is the most significant bit. 


OISP.This pin controls the BLANK signal. A high logic 
level enables BLANK, while DISPlow inhibits it. The level 
of DISP has no effect on the OOBo- DaBs, DORo- OaRs, 
and DOYo- DaYs pins. 


OOBo through 
00B5. These pins are used for 6-bit B-Y 
color difference output and depend on the status of 
BDACK. When no B-Y data is being output, the pins are 
in high impedance. 


OORothrough 
00R5• These pins are used for 6-bit R-Y 


color difference output and depend on the status of 
RDACK. When no R-Y data is being output, the pins are 
in high impedance. 


Oafo 
through 
OOY5.These pins are used for 6-bit Y 


luminance output and depend on the status of YDACK. 
When no Y data is being output, the pins are in high 
impedance. 


FCo and FC1. The combination of signals from these 
pins is used to specify subvideo frame color, as shown 
below: 


White 


high 


high 


Light Blue 


low 


Yellow 


high 


low 


Green 


low 


low 


FOE. This pin is used to select external or internal field 
distinction. FOE high enables external field distinction, 
while FOE low inhibits the MFDIS and SFDIS pins and 
causes field distinction to be executed internally. 


HPS and VPS. These horizontal and vertical input pins 
specify positioning of the subpicture. One of the four 
corners on the main picture can be selected by combin- 
ing the input levels on HPS and VPS, as shown below. 


Pin 
TopLeft 
Bottom Left 
Top Right 
Bottom Right 


HPS 
high 
high 
low 
low 


VPS 
high 
low 
high 
low 


MFC. Fields of the main picture are distinguished by the 
/kPD42272based on the phase relationship of the MHS 
and MVS signals. Field distinction 
may therefore be 
distorted if the signals are not in proper phase. In these 
cases, a high logic level on MFC can be used to reverse 
field distinction. MFC low has no effect on field distinc- 
tion. 


MFOIS. The even and odd fields of the main picture 
signal are distinguished based on the phase relationship 
of MHS and MVS. MFDIS can be used to provide an 
external signal indicating either an odd (high) or even 
(low) field. 


MHS. This pin is used to input a horizontal synchroniza- 
tion signal for the main picture. The internal read clock 
oscillator is synchronized to the rising edge of MHS and 
increments the field buffer's read address counter, which 
is used to determine the horizontal display size and 
position of the sub picture. 


MOSC I. This pin is used as an oscillator input for the 
main picture read clock. To use the internal oscillator, an 
external coil and capacitor must be installed. Alterna- 
tively, an 18MHz external clock may be input to MOSCI. 


MOSCO. This pin is used as an output for the feedback 
circuit of the main picture's internal oscillator. 


MVS. This pin is used to input a vertical synchronization 
signal for the main picture. The falling edge of MVS 
resets the field buffer's internal read address counter, 
which is used to determine the vertical display size and 
position of the sub picture. 


NIP. A high logic level on this pin selects NTSC compat- 
ibility and a low selects PAL. 


RCK. This pin is used as an output for the subpicture 
read clock, which is derived from MOSCI and MOSCO. 


ROACK. Digital R-Y component signals are output from 
the DORo - DORs pins in synchronization with this 
2.25 MHz sampling clock. 


RSW.A high logic level on RSW(while SSWand YSWare 
low) enables the DID- Dis pins to be used for receiving 
6-bit R-Ydata from the AID converter. 


SFC. The /kPD42272 distinguishes 
subpicture 
fields 


based on the phase relationship of the SHS and SVS 
signals. Field distinction of the subpicture may therefore 
be distorted if the signals are not in phase. SFC high can 
be used to reverse field distinction. 
SFC low has no 


effect on field distinction. 


SFOIS. The even and odd fields of the subpicture sig- 
nal(s) are distinguished based on the phase relationship 
of the SHS and SVS signals. This pin can be used to 
provide an external signal indicating either an odd (high) 
or even (low) field. 


SHS. This pin is used to input the horizontal synchroni- 
zation for the subpicture. The rising edge of this clock is 
used to synchronize the internal write clock oscillator 
which 
is then used to increment the write address 


counters for the line buffers and the field buffer. 


SIZE. This input is used to specify size of the subpicture 
display area. SIZE high sets a full screen display and 
occupies 1/9 of the main picture. SIZE low displays 80% 
of the subpicture and occupies 1/12 of the main picture. 


SOSCI. This pin is used as an oscillator input for the 
subpicture write clock. To use the internal oscillator, an 
external coil and capacitor must be installed. Alterna- 
tively, an 6 MHz external clock may be input to SOSCI. 
sasca. This pin is used as an output for the feedback 
circuit of the subpicture's internal oscillator. 


STILL. A high logic level selects a stilt picture, while 
STILL low selects a moving picture. 


SVS. This pin is used to input the vertical synchroniza- 
tion signal for the subpicture. The falling edge of this 
signal resets the internal write address counters for the 
line buffers and the field buffer. 


TESTo - TEST2. These are test pins and must be open. 


YOACK. Digital Y component signals are output from 
the DOYo- DOYspins in synchronization with this 9 MHz 
sampling clock. 


YSw. A high logic level on YSW(while SSWand RSWare 
low) enables the 010 - Dls pins to be used for receiving 
6-bit Y data from the AID converter. 
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Application 


The following block diagram illustrates one application 
for the !-'PD42272in an NTSC television system. 


The video signals for the subpicture are separated into V, 
B-V, and R-Y component signals and horizontal and 
vertical 
synchronization signals by the !-'PC1402 de- 


coder.The V,B-Y,and R-Ycomponent signals are input in 
parallel to the !-'PC661AID converter, after which they 
are switched to the sequenceV,R-Y,V,-, V,B-V,V,- using 
time-division multiplexing and converted to digital sig- 
nals. In this instance, timing for the V, R-Y, and B-Y 
conversion process is regulated by the !-'PD42272. 


After the !-'PD42272receives the 6-bit digital data output 
by the !-'PC661,it compresses the subpicture data and 
stores one field. The output signals are sent by the 
!-'PD42272to the !-'PC662, which contains three D/A 
converters assigned respectively to the V, R-V,and B-Y 
signals. If the analog component signals output by the 
D/A converters are to be used by the TV, they then are 
converted to an RGB signal by the !-'PC1364 matrix 
circuit. If they are to be used by the VCR, they are 
combined with the main picture signal after being con- 
verted into composite signals in the encoder circuit. IJ 


• Video Signal (Y) 
• Chrominance 
Signals 


• Horizontal 
Sync 
• Vertical Sync 


Multiplexer 
and 6·bit 
Analog/Digital 


Converter 
(IlPC661) 


Vertical Sync 


Horizontal 
Sync 


RGB 
Matrix 


(IlPC1364) 


Triple 6·bit 
Digital/Analog 
Converter 
(IlPD662) 
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pPD42532 
32,768 
x 8-BIT 
BIDIRECTIONAL 
DATA BUFFER 


Description 


The 
pPD42532 
bidirectional 
data 
buffer 
features 


32,768-word 
by 8-bit organization 
and CMOS dynamic 


circuitry 
that provides 
for high-speed, 
asynchronous, 
simultaneous 
write and read operation 
at a minimum 


cycle 
time 
of 
100 ns. Two sets 
of write 
and 
read 


registers 
between 
the I/O pins and the storage 
cells 


enable 
all data to be parallel-transmitted 
as a single 


register 
group 
when 
the registers 
are either 
full 
or 


empty. 
The device's 
main application 
is data trans- 


mission 
between devices having different 
processing 


speeds, such as between a central processor and a disk. 


Automatic 
refreshing 
by means of an internal 
capa- 


bility is performed 
regularly forthepPD42532-without 


any influence 
on write and read operation. 
A built-in 


arbitration 
circuit 
performs 
each required 
read, write, 


or refresh operation 
sequentially 
(even if transparent 


refreshing 
overlaps 
with the transmission 
of data) to 


simplify 
the device's external timing 
requirements. 


The pPD42532 
operates 
from a single +5-volt 
power 


supply and is packaged in a 600-mil, 40-pin plastic DIP. 
Four 
FLAG 
pins, 
plus 
FULL 
and 
EMPTY 
pins, 
are 


provided to monitor the amount of data accumulated 
in 


storage. 


The pPD42532 is capable of bidirectional 
input/output 


by means of a port select function. 
Input and output 


pins are also supplied 
for cascade 
connection. 
Cas- 


cade connection 
allows any number of pPD42532s to 


be linked 
together 
so as to expand 
word 
width 
and 


length without 
limit. 


Features 
o 32,768-word 
by 8-bit organization 


o CMOS technology 
o Single +5-volt 
power supply 


o Independent, 
asynchronous 
write/read 
operation 


o Bidirectional 
transmission 
of input and output 
data 


(exchange 
of port functions) 


o Automatic, 
regular refreshing 


o Internal addressing 
o Flag pin monitoring 
of accumulated 
data 


o Unlimited 
expansion 
of word width and depth 


(cascade connection) 
o Retransmit 
(re-read) 
function 
o High-speed 
operation 
- 
Access time: 50 ns maximum 


- 
Cycle time: 100 ns minimum 
o 600-mil, 40-pin plastic DIP packaging 


NC 


DBOA 


DBIA 


DB2A 


DB3A 


GND 


DB4A 


DBsA 


DB6A 


DB7A 


READY 
A 


REQUEST 
A 


FLAG 1 


FLAG2 
vcc 


FLAG3 


FLAG4 


EMPTY 


FULL 


TEST 


Ordering Information 


Access Time 
(max) 


50 ns 


NC 


DBoB 


DBIB 


DB2B 


DB3B 


Vcc 


DB4B 


DBsB 


DB6B 


DB7B 


READY 
B 


REQUEST 
B 


PS 


IR 


GND 


RESET 


FLIRT 


COUT 


CIN 


TEST 


Cycle Time 
(min] 


100 ns 


Package 


40-pin plastic DIP 


II 


Symbol 


DBoA-DB7A 


DBoB-DB7B 


RESET 
iilllUESf A/ iilllUESf B 


READY A/READY 
B 


EMi5TY 


FLAG1-FLAG4 
Rill. 


PS 


IR 


FLIRT 


CIN 


COUT 


TEST 


GND 


Vcc 


NC 


Function 


Port A input/ 
output 
data 
buses 


Port B input/output 
data 
buses 


Reset input 


Port A/Port 
B request 
input 


Port A/Port 
B ready 
output 


Empty 
output 


Flag outputs 


Full output 


Write/read 
port select 
input 


Interrupt 
read request 
input 


First 
load/retransmit 
input 


Cascade 
connection 
input 


Cascade 
connection 
output 


Test pin (connect 
to GND in system) 


Ground 


+S-voit 
power 
supply 


No connection 


Pin Functions 


DBoA-DB7A/DBoB-DB7B. 
These 
pins 
function 
as 8- 


bit data buses for write 
input 
or read output 
depending 


on the 
status 
of the 
PS pin. 
The 
output 
drivers 
are 


three-state 
outputs. 


RESET. 
This 
pin initializes 
the internal 
counters 
and 


pointers. 


REQUEST 
AlREQUEST 
B. 
Depending 
on the status of 


PS, one pin corresponds 
to the read port and the other 


to the write 
port. 
To initiate 
a write 
or read cycle, 
the 


signal 
goes low for the respective 
port 
(if READY 
A or 


READY 
B is low, the corresponding 
REQUEST 
input 
is 


ignored 
internally). 
These pins can be connected 
to the 


WR and RD pins of a GPU. 


READY 
AlREADY 
B. 
Depending 
on the status 
of PS, 


one pin corresponds 
to the read port and the other 
to 


the write 
port. 
When 
a write 
or read cycle 
is possible, 
the READY 
signal 
is high forthe 
respective 
port. These 


pins can be connected 
to the READY 
pins of a GPU or 


DMA controller. 


EMPTY. 
The signal 
from 
this 
pin is low whenever 
the 


amount 
of data 
accumulated 
is exactly 
0 bytes, 
and 


high 
in all other 
cases. 


FLAG1-FLAG4' 
These 
pins 
reflect 
the amount 
of data 


accumulated 
in the storage 
array. 
By combining 
the 


output 
signals, 
it is possible 
to 
monitor 
(in 2K byte 


steps) 
data quantities 
of up to 32K bytes. 


FULL. 
The signal 
from this pin is low when the storage 


cells are full of accumulated 
data, and high in all other 


cases. 


PS. This 
pin 
is used 
to specify 
the 
direction 
of data 


transfer. 
When 
PS is high, 
Port A serves 
as the write 


port 
and Port B as the read port. 
When 
PS is low, the 


functions 
of the two ports 
are reversed. 


IR. 
If the data accumulated 
in storage 
is less than 64 


bytes 
(i.e., one register's 
capacity), 
the READY 
signal 


for the read port goes low to inhibit 
reading. 
However, 


forcing 
IR high makes it possible 
to read all stored 
data. 


Read cycles 
are normally 
executed 
so as to maintain 


the stored 
data volume 
at levels above 
2K bytes. 
If the 


data 
volume 
drops 
below 
2K bytes 
for 
devices 
with 


process 
code K, all remaining 
data must be read using 


the interrupt 
read option. 


FLIRT. 
This 
pin 
designates 
the 
lead 
device 
when 


multiple 
devices 
are cascade 
connected. 
It is high only 


for that device 
and low for all others. 
If the device 
is not 


cascaded, 
a low 
FLIRT 
controls 
the 
retransmit 
(re- 


read) 
function; 
other 
than 
during 
retransmission, 


FLIRT 
must 
be high. 


CIN. This 
pin 
is used 
to expand 
word 
depth 
and 
is 


connected 
to the GOUT pin of the device 
preceding 
it in 


cascade 
connections. 
If word 
depth 
is not expanded, 


GIN is connected 
to GOUT of the same device. 


COUTo 
This 
pin is used to expand 
word 
depth 
and 
is 


connected 
to the GIN pin of the device 
following 
it in 


cascade 
connections. 
If word 
depth 
is not expanded, 


GOUT is connected 
to GIN of the same device. 
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Port 
AIREQUEST 
A 
READY 
A 
I 


REQUEST 
B 
Port 
B 
READY 
B 


CIN 


COUT 


RESET 


FLIRT 


PS 


IR 


Operation 


Reset Cycle 


After power is applied 
to the jlPD42532, 
it is necessary 


to clear the internal 
counters 
and initialize 
the write 
and read address pointers 
by executing 
a reset cycle. A 


reset cycle can be executed 
at any time by setting 
the 


RESET pin to a high 
logic 
level. However, 
once this 
cycle 
is initiated, 
RESET, REQUEST, and FLIRT must 
be kept 
high 
for a minimum 
time 
of tsw before 
the 
RESET signal goes low again (see waveform for "Reset 
Cycle"). 
The RESET, REQUEST, and FLIRT signals are 
all 
high 
at the 
start 
of a reset, 
except 
in cascade 


connections, 
in which 
case a high FLIRT 
is required 


only in the first stage. 


After 
a reset, 
the 
READY 
signal 
for 
the write 
port, 
READY (W), is driven high to prepare for a write cycle. 
Subsequently, 
the REQUEST signal for the write port, 
REQUEST 
(W), can be set low to commence 
writing. 


EMPTY 
FUll 
FlAG1 to FlAG4 


A standard 
read 
cycle 
can 
be executed 
once 
data 
written 
to one of the 64-byte 
registers 
has filled 
that 
register 
and been transferred 
to the storage cells. The 


READY signal for the read port, READY (R), goes high 
to prepare for the cycle. Subsequently, 
the REQUEST 
signal for the read port, REQUEST 
(R), can be set low 
to commence 
reading. 


Write Cycle 


In a write cycle, 
data is written 
to one of two 64-byte 


write registers 
before being transferred 
to the storage 
cells. Whenever 
64 bytes have been written 
into one 


register, 
write 
operation 
automatically 
shifts 
to the 


other 
and the contents 
of the first 
are transferred 
to 
storage. 
High-speed 
write 
cycles 
are thus 
executed 


continuously 
by alternating 
registers 
repeatedly. 
Write 


data must satisfy the requirements 
for setup and hold 


times as measured against the rising edge of REQUEST 
(W) [see waveform 
for "Write Cycle"]. 
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A write cycle 
can be initiated 
any time READY (W) is 
high 
by setting 
REQUEST 
(W) low. To allow 
a write 


cycle to be executed 
in one port even while the other 


port 
may be executing 
a read cycle, 
READY 
(W) is 


always high after a reset, except in the following 
cases: 


• 
Whenever 
the storage 
cells are full of accumulated 


data 
• 
While 
the device 
is executing 
a forced 
read cycle 


(see Interrupt 
Read Cycle) 


• 
When 
a retransmit 
operation 
is being 
performed 


(see Retransmit 
Cycle) 


While 
READY 
(W) is off, the REQUEST 
(W) signal 
is 


ignored 
internally 
and no write cycle is executed. 


Read Cycle 


In a read 
cycle, 
data 
is not 
read directly 
from 
the 


storage 
cells but rather from one of two 64-byte 
read 


registers. 
After 64 bytes of data have been read from 


one register, read operation 
automatically 
shifts to the 


other 
and the contents 
of the first 
are subsequently 
replaced 
by data from 
the storage 
cells. 
High-speed 


read cycles 
are thus executed 
continuously 
by alter- 


nating 
registers 
repeatedly. 


Data is output 
after 
a maximum 
access 
time 
of tAC, 


measured 
from 
the 
falling 
edge 
of 
REQUEST 
(R). 


When REQUEST 
(R) is high or READY (R) is low, the 


outputs 
are in a state of high impedance 
(see waveform 


for "Read Cycle"). 


A standard 
read cycle can be initiated 
any time READY 


(R) is high by setting REQUEST (R) low. To allow a read 
cycle to be executed 
in one port even while the other 


port 
may be executing 
a write 
cycle, 
the READY 
(R) 


signal 
is always high, except 
in the following 
cases: 


• 
Whenever the data accumulated 
is less than 64 bytes 


• 
While a retransmit 
operation 
is being performed 
(see 


Retransmit 
Cycle). 


While 
READY 
(R) is low, REQUEST 
(R) is ignored 


internally 
and no read cycle is executed. 


Flags 


The tJPD42532 supplies 
signals 
from 
the EMPTY pin, 


the FULL pin, and the four FLAG pins to indicate 
the 


amount 
of stored 
data in units 
of approximately 
2K 


bytes. Accumulated 
data is reflected 
as the difference 


between 
the 
write 
address 
counter 
and 
the 
read 


address counter. Thus, if a total of 16K bytes have been 
read while 32K bytes have been written 
since the most 


recent reset, the amount of data in storage is 16K bytes. 


The 
FULL 
and 
EMPTY 
pins 
are 
used 
to 
prevent 


overwriting 
and overreading. 
To control 
write 
opera- 


tion 
on data units 
of register 
length 
(64 bytes), 
the 


FULL 
pin 
outputs 
a low 
signal 
when 
stored 
data 


reaches 
the 32,705- to 32,76B-byte 
range. 
Whenever 


write cycles are executed continuously 
and the storage 


cells 
become 
full, 
REQUEST 
(W) is ignored 
and the 


signals 
of FULL 
and READY 
(W) are driven 
low to 


inhibit 
writing. 
Meanwhile 
if read cycles are executed 


and the data decreases to 32,704 bytes or less, READY 
(W) goes high again to enable write operation. 
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The 
EMPTY 
pin 
goes 
low whenever 
stored 
data 
is 


exactly 
0 bytes. Since standard 
read cycles cannot 
be 


executed 
if the quantity 
of data drops below 64 bytes, 


READY (R) goes low to inhibit 
read operation. 
When- 


ever 
write 
cycles 
are 
executed 
and 
stored 
data 


increases 
to 64 bytes or more, READY 
(R) goes high 


again to enable read operation. 


The status of the FLAG pins depends 
on the internal 


status 
of the write and read address 
counters. 
These 


counters 
are incremented 
as data is transferred 
to or 


from 
the storage 
array. Since the logic 
levels of the 


FLAG pins 
reflect 
movement 
of blocks 
of data on a 


64-byte-register 
basis 
rather 
than 
on 
a single-byte 


basis, the status indicated 
by these pins can be in error 


by a maximum 
of 255 bytes with respect to the actual 


amount 
of data accumulated 
[i.e., the sum of the write 


register 
(63 bytes), the read registers 
(128 bytes), and 


the 64 bytes currently 
being transferred]. 
This discrep- 


ancy means that two adjacent 
ranges of stored data, as 


indicated 
by the FLAGs, can overlap by up to 191 bytes. 


The following 
table shows the combination 
of signals 


output 
from these pins. 


Table 1. 
Stored Data as Indicated 
by Flag Pins 


Amount of Stored 
FLAG 


Data(bytes) 
FULL 
EMPTY 
1 
2 
3 
4 


32705 to 32768 
0 
1 
1 
1 
1 
1 


30721 to 32767 
1 
1 
1 
1 
1 
1 


28673 to 30911 
1 
1 
0 
1 
1 
1 


26625 to 28863 
1 
1 
1 
0 
1 
1 


24577 to 26815 
1 
1 
0 
0 
1 
1 


22529 to 24767 
1 
1 
1 
1 
0 
1 


20481 to 22719 
1 
1 
0 
1 
0 
1 


18433 to 20671 
1 
1 
1 
0 
0 
1 


16385 to 18623 
1 
1 
0 
0 
0 
1 


14337 to 16575 
1 
1 
1 
1 
1 
0 


12289 to 14527 
1 
1 
0 
1 
1 
0 


10241 to 12479 
1 
1 
1 
0 
1 
0 


8193 to 10431 
1 
1 
0 
0 
1 
0 


6145 to 8383 
1 
1 
1 
1 
0 
0 


4097 to 6335 
1 
1 
0 
1 
0 
0 


2049 to 4287 
1 
1 
1 
0 
0 
0 


1 to 2239 
1 
1 
0 
0 
0 
0 


0 
1 
0 
0 
0 
0 
0 


Notes: 


(1) 1 = high level 


(2) a = low level 


Interrupt 
Read Cycle 


Whenever 
the amount 
of stored 
data drops 
below 64 


bytes 
(i.e., one register's 
capacity), 
or 2K bytes 
for 


devices with process code K, READY (R) is driven low 
to 
inhibit 
reading. 
Any 
data 
remaining 
in a write 


register 
can only be read by means of an interrupt 
(or 


forced) 
read cycle. 


An interrupt 
read cycle can be executed 
by forcing 
the 
IR pin high. At this point, 
data is transferred 
from the 


write 
register 
to 
one 
of 
the 
read 
registers 
via the 


storage 
array, and write operation 
is disabled 
until all 


stored data has been read. If this cycle is initiated 
after 


READY 
(R) goes low, read operation 
will 
be delayed 


until 
all data has been transferred 
to one of the read 


registers. 


Once the device completes 
reading of its last address, 


the EMPTY and READY (R) signals are driven low and 
READY (W) goes high to enable write operation 
again 


(unless a retransmit 
cycle has been requested). 
Read 


cycles will be executed only after 64 bytes or more have 
been written 
and transferred 
to storage. 
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Retransmit Cycle 


The J.lPD42532 will execute 
a retransmit 
cycle 
when- 


ever a low-level 
pulse 
is applied 
to RT. A retransmit 


cycle 
initializes 
the read address 
counter 
to starting 


addressO. Although 
retransmission 
can be executed 
at 


any time, REQUEST 
(W) and REQUEST 
(R) must be 


high before and after the low RT signal 
is applied. 


During this cycle, the READY signals are pulsed low to 
temporarily 
inhibit 
writing 
and reading, 
and the FLAG 


and 
EMPTY 
signals 
vary 
in 
accordance 
with 
the 


amount 
of data in storage. After READY (W) goes high 


again, 
the retransmit 
preparation 
cycle 
is complete. 


Write 
operation 
can 
resume 
after 
an extra 
delay 
to 


ensure 
stability 
of the FLAG and EMPTY 
pins. 
If an 


interrupt 
read signal is applied 
during 
retransmission, 


the interrupt 
read cycle is executed 
after termination 
of 


the retransmit 
cycle. 


The retransmit 
function 
is only useful in systems where 


less than 32K bytes of data are written 
between 
resets. 


If a retransmit 
cycle 
is executed 
after more than 32K 


bytes are written, 
old data cannot 
be retransmitted. 


Since the RT pin is multiplexed 
as the first load (FL) pin 
in cascade 
connections, 
cascaded 
devices cannot 
be 


used for 
retransmission. 
In single-device 
configura- 


tion, this pin is always high except during 
a retransmit 


cycle. 
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Port Select Function 


The JiPD42532 
is able to change 
the direction 
of data 
transfer 
according 
to the 
logical 
level of the signal 
applied 
to 
the 
PS pin. 
When 
a high-level 
input 
is 
applied 
to PS, Port A becomes the write port and Port B 


the read port. When PS is low, the functions 
of the two 
ports 
are 
reversed. 
While 
port 
functions 
are being 
assigned, 
the REQUEST 
signals 
must be kept high. 


Since 
register 
and 
storage 
cell 
data 
are preserved 
during 
port selection, 
data written 
to a particular 
port 
can also be read from that same port. 


Cascade Connection 


The JiPD42532 can be used in a single-device, 
32K by 
8-bit configuration 
or it can be cascade 
connected 
by 
means 
of the GIN and GOUT pins to allow 
unlimited 
expansion 
of word width 
and length. 


Single-Device 
Configuration. 
When 
using 
the 
JiPD42532 as a single 32K by 8-bit data buffer, connect 
GOUT to GIN and set the FL pin to a high 
logic 
level 


(see figure 
3). 


Expanded 
Word Width. 
When using 
multiple 
devices 
to expand word width, connect 
RESET, REQUEST, PS, 


and IR to the corresponding 
pins of each JiPD42532 in 
parallel and apply common 
control 
signals. 
Each GOUT 
pin should 
be connected 
to its own GIN pin (as in the 
single-device 
configuration) 
and 
a high-level 
input 
applied 
to each FL. The flag pins of a single JiPD42532 
can 
be 
used 
to 
represent 
the 
entire 
system 
(see 


figure 
4). 


Expanded 
Word Length. 
When using multiple 
devices 
to expand 
word length, 
set a high-level 
input to FL of 
the lead JiPD42532 and a low-level 
input to FL of all the 
others. 
Each GOUT pin should 
be connected 
to GIN of 
the device following 
it; GOUT on the last device should 
be connected 
to 
GIN of the 
lead 
device. 
Gonnect 
RESET, REQUEST, 
PS, and 
IR to the corresponding 
pins of each JiPD42532 in parallel 
and apply common 
control 
signals. 


The EMPTY, FULL, and READY 
pins of each device, 
respectively, 
can be ORed together 
by external 
logic. 


'OR' outputs 
are composite 
EMPTY, FULL, and READY 
signals for all data buffers 
(see figure 
5). 


Operation. 
To enable 
operation 
of JiPD42532s in cas- 
cade connection, 
set the RESET signal(s) 
high to clear 
the internal 
counters 
and initialize 
the write and read 
address 
pointers. 
When 
the reset 
is complete, 
start 


writing 
to the lead device. While data is being written 
to 


the first, 
all other 
devices 
output 
low READY signals 


and ignore 
the REQUEST 
signals. 
When write opera- 


tion in the firstJiPD42532 
(n) reaches the last address, 


its GOUT pin outputs 
a high-level 
signal and forces GIN 


of the next device 
high. Write operation 
shifts 
to the 


next 
device 
in succession 
(n + 1). The READY 
(W) 


signal 
of the first 
device 
(n) is driven 
low, and the 


READY 
(W) signal 
of the succeeding 
device 
(n + 1) 


goes high. 


If only 
write 
cycles 
are 
being 
executed, 
each 
data 


buffer 
outputs 
a low FULL signal 
as writing 
is com- 


pleted for that device. At the point where the last device 
finishes 
writing 
to 
its 
last 
address, 
all JiPD42532s 


output 
low-level 
FULL and READY 
(W) signals. 
The 


ORed composite 
of these signals 
should 
be used to 


inhibit 
write operation. 


If write and read cycles are being executed 
simultane- 


OUSly,and the storage 
cells in the lead device are not 


full 
of accumulated 
data when 
the last device 
com- 


pletes writing 
to its last address, write operation 
shifts 


to the lead JiPD42532 again. Writing 
continues 
in this 


manner 
until every data buffer 
is full. 


Read cycles 
also begin 
with 
the lead device 
(n) and 


shift to the next (n + 1) once the last address 
has been 


read. When all devices 
have been completely 
emptied 


of data, the ORed composite 
of the EMPTY signals 
is 


low. If the expanded 
word length configuration 
has less 


than 64 bytes of data in a write register, 
EMPTY will not 


be at a low level; READY (R) will be low to indicate 
that 


standard 
read operation 
may not proceed. 
Forced read 


or dummy 
write 
cycles 
will 
be required 
to continue 


reading 
any accumulated 
data of less than 64 bytes. 


Figure 3. 
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Absolute Maximum Ratings 


Terminal 
voltage, 
VT 


Operating 
temperature, 
TOPR 


Storage 
temperature, 
TSTG 


Output 
current, 
10 


Power supply 
voltage, 
VCC 


-1.5 to +7.0 V 


o to +70·C 


-55 to +125·C 


50 mA 


-1.5 to +7.0 V 


Comment: 
Exposure 
to Absolute 
Maximum 
Ratings 
for 
extended 


periods 
may 
affect 
device 
reliability; 
exceeding 
the 
ratings 
could 


cause 
permanent 
damage. 
The device 
should 
be operated 
within 
the 
limits 
specified 
under 
DC and AC Characteristics. 


Recommended DC Operating Conditions 
TA = 0 to +70·C; 
Vcc = +5.0 V ±10% 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Input voltage, 
high 
VIH 
2.4 
VCC 
V 


Input voltage, 
low 
VIL 
-10 
0.8 
V 


Min 
Typ Max 
Unit 
Test Conditions 


20 
mA 
REQUEST A, B 


=VIH 


80 
mA 
twc = 100 ns; 
tRC = 100 ns 


60 
mA 
twc = 100 ns; 
REQUEST (R) = VIH 


60 
mA 
tRC = 100 ns; 


REQUEST (W) = VIH 


10 
pA 
VI = 0 to VCC; 
other 
inputs 
= 0 V 


10 
pA 
Vo = 0 to VCC; 
output 
disabled 


V 
10H=-1 
mA 


DC Characteristics 
TA = 0 to +70·C; 
Vcc = +5.0 V ±10% 


Limits 


Parameter 
Symbol 


Standby 
supply 
ICCl 


current 


Write/read 
cycle 
supply 
current 


Write cycle 
supply 
current 


Read cycle 
supply 
current 


Input 
leakage 
current 


Output 
leakage 
current 


Output 
voltage, 
high 


Output 
voltage, 
low 


ICC2 


ICC3 


ICC4 


-10 


10 
-10 


VOH 
2.4 


VOL 


Capacitance 
TA = 0 to +70·C; 
Vcc = +5.0 V ±10% 


Limits 


Parameter 
Symbol 
Min 
Typ Max 
Unit 
Pins Under Test 


Input capacitance 
CI 
10 
pF 
REQUEST, RESET, 
PS, CIN, IR, FLIRT 


Output 
capacitance 
Co 
10 
pF 
READY, FLAG1- 
FLAG4, COUT, 
FOTI, EMPTY 


Input/output 
CliO 
10 
pF 
DBa-DB? 
capacitance 
II 


JlPD42532 
ftt{EC 


AC Characteristics 
TA = 0 to +70·C; 
Vcc = +5.0 V ±100/0 


Limits 


Parameter 
Symbol 
Min 
Max 
Unit 
TestConditions 


Read cycle time 
tRC 
100 
ns 


REQUEST(R) pulse width 
tROW 
50 
10000 
ns 
(Note 5) 


REQUEST(R) precharge time 
tRap 
30 
ns 


REQUEST(R) low hold time after READY(R) high 
tRaN 
50 
10000 
ns 
(Note 6) 


READY(R) low output time 
tRRF 
30 
ns 
(Note 14) 


Access time 
tAC 
50 
ns 


Access time after READY(R) high 
tACR 
50 
ns 


Output data hold time 
tOH 
10 
ns 


Output data off time 
tOFF 
40 
ns 


Low-impedance output delay 
tLl 
5 
ns 


Low-impedance output delay after READY(R) high 
tLlR 
0 
ns 


READY (R) low time when empty 
tSRR 
4800 + 64 twc 
ns 
(Note 8) 


READY (R) low time when almost empty 
tEMR 
0 
4800 + 63 twc 
ns 
(Note 8) 


Write cycle time 
twc 
100 
ns 


REQUEST(W) pulse width 
twaw 
50 
10000 
ns 
(Note 5) 


REQUEST(W) precharge time 
twap 
30 
ns 


REQUEST(W) low hold time after READY(W) high 
tWaN 
50 
10000 
ns 
(Note 6) 


READY(W) low output time 
tWRF 
30 
ns 


Write data setup time 
tow 
30 
ns 


Write data hold time 
tDH 
10 
ns 


REQUESThigh setup time 
taRP 
tT+ 
30 
ns 
(Note 6) 


READY(W) low time when full 
tFLW 
0 
3200 + 64 tRC 
ns 


FLAG1-FLAG4output times 
tFLO 
4800 
ns 


EMPTY and FULL output valid times 
tEFO 
40 
ns 


EMPTY and FULL output hold times 
tEFH 
0 
ns 


FULL output off time 
tFOF 
3200 
ns 
(Note 9) 


GOUToutput off time when read request is executed 
tCOR 
40 
ns 


GOUToutput on time when write request is executed 
tcow 
40 
ns 


GINsetup time for REQUEST(R) 
tCIR 
10 
ns 


GINsetup time for REQUEST(W) 
tCIW 
10 
ns 


Reset pulse width 
tsw 
100 
ns 


READY,FULL, and EMPTY output times after reset 
tSWR 
80 
ns 


FLAG1-FLAG4output times after reset 
tSSF 
100 
ns 


REQUESTprecharge hold time after reset 
tswa 
30 
ns 


RTdisable hold time after reset 
tSRT 
800 
ns 


NEe 


Parameter 


COUToutput low time after reset 


READY(R) on time after interrupt read is executed 


READY(W) off time after interrupt read is executed 


READY(W) on time after interrupt read 


REQUEST(W) hold time after IR input 


REQUEST(W) setup time before IR input 


IR pulse width 


REQUESThold time after PS input 


REQUESTsetup time before PS input 


READYoutput time after port selection 


Rf pulse width 


REQUESTsetup time before Rf input 


REQUESThold time after Rf input 


READY(R) on time after retransmit is executed 


READY(W) on time after retransmit is executed 


READYoff time after retransmit is executed 


EMPTY and FULL output hold times after retransmit 
is executed 


EMPTY reset time after retransmit is executed 


FLAG1-FLAG4output valid times after retransmit 
is executed 


Input transition 
time 


Symbol 


tswc 


tFRR 


tFWR 


tlRW 


tFOA 


tFoa 


tFW 


tpAO 


tpao 


tpSR 


tRTW 


taRT 


tRTO 


tRTA 


tWRT 


tRRT 


tFSRT 


Limits 


Min 
Max 
Unit 
TestConditions 


100 
ns 


0 
6400 
ns 
(Note 7) 


50 
ns 
(Note 7) 


100 
ns 
(Note 11) 


60 
ns 
(Note 13) 


60 
ns 


50 
2000 
ns 
(Notes 4, 12, 13) 


100 
ns 
II 


100 
ns 


50 
ns 


50 
2000 
ns 
(Note 4) 


60 
ns 
(Note 10) 


60 
ns 


6400 
ns 
(Note 7) 


4800 
ns 
(Note 7) 


50 
ns 


0 
ns 


3200 
ns 


8000 
ns 


5 
50 
ns 


Notes: 


(1) All voltages are referenced 
to GND. 


(2) All ac measurements 
assume input pulse rise and fall times of 
5 ns. 


(3) The input voltage reference levels for timing ratings are VIH (min) 


and VIL (max). Transition time tT is defined between VIH and VIL' 


(4) 
IR and RT inputs 
cannot 
be applied 
simultaneously. 
A timing 


delay 
of at least 100 ns is required. 
See figures 
6 and 7 for 


acceptable 
input methods. 


(5) The maximum 
pulse width 
of 10,000 ns applies 
only when the 
READY signal is on. 


(6) REQUEST 
cannot 
be raised to a high level during 
the tORP + 
tRON (or tWON) interval. 


(7) 
If an RT (IR) pulse is applied 
during 
IR (RT) operation, 
the RT 
(IR) operation 
is delayed until IR (RT) operation 
is released. 


(8) 
"Empty" 
is defined as the state where the amount of stored data 
is zero, and "almost 
empty" 
is defined 
as the state where the 
amou nt of data is 1 to 63 bytes. 


(9) 
tFOF is defineG 
from 
the 
rising 
edge 
of the 
REQUEST 
(R) 


signal when the amount of stored data reaches the prescribed 
value (that is, the value at which the FULL signal changes from a 
low level to a high level as defined 
in Table 1). 


(10) tSRT = 4800 ns minimum 
for the devices with process code K. 


t\'EC 


Noles [conI]: 


(11) After all data has been read in an IR cycle for devices wilh 
process code K, always input a RESET signal to initialize the 
internal circuitry before proceeding to the next operation. See 
figure 8. 


(12) The IR signal is invalid whenever the EMPTY signal is Iowan 
devices with process code K. 


(13) If an IR input signal is applied in a cascade connection 
for 
devices with process code K, the REQUEST (W) signal must 
stay at a high level until all data has been read. 


(14) Read cycles are normally executed so as to maintain the stored 
data volume at levels above 2K bytes. If the data volume drops 
below 2K byles for devices with process code K, read all of the 
remaining data using the interrupt read option. 


I 
I 


5 n5-: 


0.67 kO r 30 pF 


NEe 


Notes: 


(1) IR = low 


(2) PS = high or low 


II 


?///////////, 


DIN/ZZZ2>C5E 


FO 


tEFH 


1 


EMPTY 
( 


))II 


FULL 
l 


_"",-_tFLC: 


11 
FL~~~~~ 
~:: 
_. 
l 


Notes: 


(1) IR = low 
(2) FLiRT = high 


(3) PS = high or low 


(4) RESET = low 
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DOUT~ 


VOH 
I )) 
I 
'::: 
~"":jI 


)) 
)) 
(( 
h 


)) 
)) 
U 
II 


tFlO 


II 


))l\ 
Nole.: 


(1) IR = low 
(2) FURf = high 


(3) PS = high 
or low 


(4) RESET = low 


II 
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REQUEST(W) III 


""J 
J 


Noles: 


(1) PS = high or low 


(2) FLIRT = high 


(3) RESET = low 


NEe 


Notes: 


(1) PS = high 
or low 


(2) IR = low 


(3) RESET = low 


II 
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~ 


REQUEST(A) _----J1 .. 
"J~,..o} 


REQUEST(B) 
F 
~ '---------- 


)1'--------- 
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I------- 
lWRF 
1""' 
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) 
( 


I 
)) 
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l 


"r 


\ 


))II 


C,N 
~ 


<n+1) __ 
-----' 
i 
READY(W) 


(n+1) 


IJ- 


Noles: 


(1) IR = low 
(2) FLiRT = high or low 
(3) PS = high or low 


(4) RESET = low 


II 
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NEe Electronics Inc. 
pPD42601 
Silicon File 


Description 


The 
pPD42601 
silicon 
file 
is an 
economical 
mass 
storage 
device specifically 
designed 
to replace 
mag- 
netic disk drives in silicon 
disk, solid-state 
recording, 


and system 
backup 
applications 
in a variety 
of com- 
puter systems. 
Organized 
as 1,048,576 words by 1 bit, 
the pPD42601 
provides 
a battery 
backup 
feature 
for 
enhanced 
system 
performance 
and a substantial 
sav- 
ings in power consumption. 


The device is capable of executing 
standard 
access or 
page-mode 
write 
and 
read 
cycles. 
Refreshing 
is 
accomplished 
by means of CAS before 
RAS refresh 
cycles, RAS-only 
refresh cycles, self-refresh 
cycles, or 
by normal 
read or write 
cycles 
on the 512 address 
combinations 
of Ao through 
As during 
a 32-ms period. 


The pPD42601 
is uniquely 
suitable 
for battery backup 
systems 
because 
it requires 
a very low power supply 
current 
for extended 
periods of self-refresh 
operation. 


If ambient temperature 
is limited to 50°C (max), as little 
as 30 pA (max) is required 
to maintain 
all data. 


ThepPD42601 
is available in high-density 
20-pin plastic 
ZIPor 
26/20-pin 
plastic SOJ packaging. 


Features 
o 1,048,576-word 
by 1-bit organization 


o Single +5-volt 
±10% power supply 


o CMOS technology 
o Low operating 
power: 12 mA maximum 


030 
pA maximum 
self-refresh 
current 
at 0 to 50°C 
o Read or write cycle time: 1000 ns minimum 
o Page-mode 
cycle time: 200 ns minimum 


o CAS before RAS refreshing 
0512 
refresh cycles during 
32-ms period 
o Automatic 
self-refreshing 
by RAS input cycling 


Self-Refresh 
Page-Mode 
Current 
Part Number 
Cycle (minI 
(max,50·C) 
Package 


pPD42601LA-60 
200 ns 
120pA 
26/20-pin 
plastic SOJ 


LA-60L 
200 ns 
30pA 


pPD42601V-60 
200 ns 
120pA 
20-pin plastic ZIP 


V-60L 
200 ns 
JOpA 


Pin Configurations 


26/20-Pin 
Plastic SOJ 


DIN 


WE 


RAS 


RFSH 


NC 


A91 
2 
CAS 


DOUT 3 
'. 4 
GND 


DIN 5 
6 
WE 
RAS 7 
RFSH 9 
8 
NC 
10 NC 
AD 
11 
A2 13 
,J' •.,.. 12 A1 


. :.. 14 A3 
vcc 
15 
',. 


-. 
16 A4 
As 17 
.J. 


18 A6 
A719 
. 
. :. 20 As 


GND 


DOUT 


CAS 


NC 


A9 
II 


Pin Identification 


Name 


Ao - Ag 


DIN 


DOUT 
RAS 
ill 


WE 


RFSH 


GND 


Vcc 


NC 


Function 


Address inputs 


Data input 


Data output 


Row address strobe 


Column address strobe 


Write enable 


Self-refresh control 


Ground 


+5-volt power supply 


No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND,VT 


Operating temperature, TOPR 


Storage temperature, TSTG 


Short-circuit 
output current, 105 


Power dissipation, Po 


Supply voltage, Vcc 


-1.0 to +7.0 V 


o to +70°C 


-55 to +125°C 


50 mA 


tOW 


-1.0 to +7.0 V 


Comment: 
Exposure to Absolute 
Maximum 
Ratings for extended 


periods may affect device reliability; 
exceeding 
the ratings could 


cause permanent damage. The device should be operated within the 
limits specified under DC and AC Characteristics. 


Storage 
Cell 
Matrix 


Operation 


Write 
and Read Operation 


The pPD42601 
is capable 
of standard 
write and read 


operation 
as well as page-mode 
operation. 
The ten row 


address 
bits are set up on pins Ao through 
Ag and 


latched 
onto 
the 
chip 
by 
RAS. 
Subsequently, 
ten 


column 
address bits are set up on pins Ao through 
Ag 


and latched onto the chip by CAS. An appropriate 
write 


or read cycle is executed 
according 
to the logical level 


of WE: a high WE initiates 
a read cycle 
and low WE 


initiates 
a write cycle. 


Page-mode 
operation 
may be executed 
by pulsing 


CAS repeatedly 
while maintaining 
a low RAS. The first 


word 
is accessed 
in the same manner 
as in standard 


write and read operation, 
with row addresses 
latched 


onto the chip by RAS and column addresses latched by 
CAS. Subsequent 
column 
addresses are accessed for 


each CAS cycle, 
repeated 
during 
a period 
up to the 


maximum 
RAS pulse width. 


Refresh 
Operation 


CAS 
before 
RAS 
Refreshing. 
This 
cycle 
may 
be 


initiated 
by bringing 
CAS low before RAS and holding 


it low after RAS falls. A built-in 
address counter 
makes 


external 
addressing 
unnecessary. 


RAS-Only 
Refreshing. 
RAS-only 
refreshing 
is exe- 


cuted 
by holding 
CAS high as the row addresses 
are 


latched 
onto 
the chip 
by RAS. Using 
this cycle, 
all 


storage 
cells are refreshed 
by the 512 address 
com- 


binations 
of Ao through 
As during 
a 32-ms period. 


Self-Refreshing. 
A self-refresh 
cycle is initiated 
for the 


addresses generated 
by the internal counter whenever 


RFSH is active low and the RAS input 
is cycling 
(see 


figure 
1). Since 
the minimum 
required 
RAS cycling 


frequency 
depends 
on ambient 
temperature, 
power 


consumption 
will also vary with temperature 
as shown 


in 
the 
AC 
and 
DC 
Characteristics. 
For 
extended 


periods of self-refresh 
operation, 
a low supply current 


is required; 
e.g., if ambient 
temperature 
is limited 
to 


50°C 
(max), 
as little 
as 30 pA (max) 
is required 
to 


maintain 
all data. 


Recommended DC Operating Conditions 
TA = 0 to +70·C: 
GND =0 
V 


limits 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
50 
5.5 
V 


Input voltage, high 
VIH 
2.4 
5.5 
V 


Input voltage, low 
VIL 
-1.0 
0.8 
V 


Capacitance 
TA = 25·C; 
f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


Input capacitance 
CI1 
pF 
Address. DIN 


CI2 
pF 
RAS, CAS, WE, 
RFSH 


Output capacitance 
Co 
7 
pF 
DOUT 


II 


pPD42601 
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DC Characteristics 
(2) tRCF depends on operating 
temperature 
as reflected 
in the table 


TA = 0 to +70°C; 
VCC = +5.0 V ± 10% 
below (see figures 2 and 3). 


Limits 
tReF [maxI 


Parameter 
Symbol 
Min 
Typ Max 
Unit TestConditions 
Operating 
Temperature 
[TAl 
IIP042601-L 
liP 042601 


Operating current, 
ICCl 
12 
mA 
RAS, CAS cycling; 
o to 50°C 
20 lis 
5 lis 
average 
10= 0 mA; 
tRC= tRC(min) 
o to 60°C 
lOllS 
5 liS 


Standby current 
ICC2 
2.0 
mA 
RAS = CAS = RFSH 
o to 70°C 
5 lis 
5 lis 


=VIH 


05 
mA 
RAS = CAS = RFSH 
(3) Average 
power 
supply 
current 
required 
for self refreshing 
is 


measured according 
to the following 
conditions: 
RAS is cycling 
2 VCC- ~; 
AO-Ag, 
at 50,100 or 200 kH~H 
2 VCC-0.4 
V; VIL:S 0.4 V; tT:S50 ns; Ao 


DINand WE2 VCC 
toAg, DIN, WEand CAS =VcctoGND; 
RFSH =VIL' 
When RFSH 
- 0.4 or :s 0.4 V 
=VIL (:S0.4 V), the RAS input must be cycled at or exceeding 
the 


~ating 
current, 
ICC3 
10 
mA 
tRC= tRC(min); 
minimum 
frequency 
requirements. 


RAS-only refresh, 
10=0 
mA 
(4) This specification 
applies tothe1lPD42601-L 
only. Forthe non-L 


average 
version, 
Iccs 
is 120 IIA, maximum, 
at all TA· 


~ating 
current, 
ICC4 
10 
mA 
tRC= tRC(min); 
CAS before RAS 
10=0 
mA 
AC Characteristics 


refresh, average 
TA = 0 to +70°C; 
Vcc = +5.0 V ±10% 


Operating current, 
ICC5 
30 
IIA 
RAS cycling at 50 
Limits 


self-refresh mode, 
kHz (Notes 1, 2, 3, 4) 
Parameter 
Symbol 
Min 
Max 
Unit 
TestConditions 
average 
60 
IIA 
RAS cycling at 100 
kHz (Notes 1, 2, 3, 4) 
Random read or write 
tRC 
1000 
ns 
(Note 5) 


120 
IIA 
RAS cycling at 200 
cycle time 


kHz (Notes 1,2, 3) 
Page-mode cycle time 
tpc 
200 
ns 
(Notes 5, 15) 


Operating current, 
ICC6 
12 
mA 
tpc = tpc (min); 
Access time from RAS 
tRAC 
600 
ns 
(Notes 6, 7) 


page mode, 
10=0 
mA 
Access time from CAS 
tCAC 
100 
ns 
(Notes 6,8) 
average 
(falling edge) 


Input leakage 
IlL 
-1 
IIA 
VIN= 0 to VCC;all 
Output buffer turnoff 
tOFF 
100 
ns 
(Note 9) 
current 
other pins not under 
delay 
test = 0 V 
Transition time (rise 
tT 
3 
50 
ns 
(Notes 3, 4) 


Output leakage 
10L 
-1 
IIA 
DOUTdisabled; 
and fall) 


current 
VOUT= 0 to VCC 
RAS precharge time 
tRP 
390 
ns 
Output voltage, 
VOL 
0.4 
V 
10= 4.2 mA 
low 
RAS pulse width 
tRAS 
600 
100000 
ns 


Output voltage, 
VOH 
2.4 
V 
10=-5 
mA 
RAS hold time 
tRSH 
100 
ns 


high 
CAS pulse width 
tCAS 
100 
10000 
ns 


Notes: 
CAS hold time 
tCSH 
600 
ns 


(1) When tFAS:S 2.5 ms, Iccs 
does not depend on the RAS clock; 
RAS to CAS delay time 
tRCO 
150 
500 
ns 
(Note 10) 


Iccs (max) =500IlA. 
When tFAS2 2.5 ms, Iccs (max) =5001lA 
in 
CAS to RAS precharge 
tCRP 
30 
ns 
(Note 11) 
the first 2.5 ms after RFSH falls (it does not depend on the RAS 
clock). 
SUbsequently, 
Iccs 
is 120 IIA for the IIPD42601 or is as 
time 


shown in the following 
table for the IIPD42601-L. 
CAS precharge time 
tCPN 
90 
ns 
(non-page cycle) 


Operating 
Clock 
Self-Refresh 
CAS precharge time 
tcp 
90 
ns 
(Note 15) 


Temperature 
[TAl 
Frequency 
[min] 
Current 
[max] 
(page cycle) 


o to 50°C 
50 kHz 
30llA 
at 50 kHz 
RAS precharge CAS 
tRPC 
ns 


o to 60°C 
100 kHz 
60llA 
at 100 kHz 
hold time 


o to 70°C 
200 kHz 
120llA 
at 200 kHz 


NEe 
pPD42601 


AC Characteristics 
(cont) 


TA = 0 to +70·C; 
VCC = +5.0 V ±10% 


Limits 
Limits 


Parameter 
Symbol 
Min 
Max 
Unit 
TestConditions 
Parameter 
Symbol 
Min 
Max 
Unit 
TestConditions 


Row address setup 
tASR 
ns 
Self-Refresh 
Cycle (cont) 


time 
RAS pulse width in 
tRSF 
600 
ns 
Row address hold time 
tRAH 
90 
ns 
self-refresh mode 


Column address setup 
tASC 
0 
ns 
RFSHto RAS delay 
tFRO 
100 
ns 
time 
time 


Column address hold 
tCAH 
90 
ns 
RAS hold time in self- 
tFRH 
200 
ns 
time 
refresh mode 


Column address hold 
tAR 
590 
ns 
Notes: 
II 


time referenced to RAS 
(1) 
All voltages are referenced 
to GND. 


Read command setup 
tRCS 
ns 
(2) 
An initial 
pause of 1001's 
is require~fter 
power-up 
(VCC = 
time 
+5.0 V ±10%), followed 
by any eight RAS cycles, before proper 
Read command hold 
tRRH 
75 
ns 
(Note 12) 
device operation 
is achieved. RAS, CAS, and RFSH must equal 
time referenced to RAS 
VIH during the initial pause. 


Read command hold 
tRCH 
0 
ns 
(Note 12) 
(3) 
Ac measurements 
assume tT = 5 ns. 


time referenced to CAS 
(4) 
V1H (min) 
and VIL (max) 
are reference 
levels for measuring 
Write command hold 
tWCH 
90 
ns 
timing 
of input signals. Transition 
times are measured between 
time 
V1Hand VIL' 


Write command hold 
tWCR 
590 
ns 
(5) 
The minimum 
specifications 
are used only to indicate the cycle 


time referenced to RAS 
time at which proper operation 
over the full temperature 
range 


Write command pulse 
twP 
90 
(TA = 0 to +70·C) 
is assured. 
ns 
width 
(6) 
Load = 2 TTL loads and 100 pF (VOH = 2.4 V, VOL = 0.4 V). 


Data-in setup time 
tos 
0 
ns 
(Note 14) 
(7) 
Assumes 
that tRCD:S; tRCD (max). 
If tRCD is greater 
than the 


maximum 
recommended 
value in this table, tRAC increases by 
Data-in hold time 
tOH 
90 
ns 
(Note 14) 
the amount that tRCD exceeds the value shown. 


Data-in hold time 
tOHR 
590 
ns 
(8) 
Assumes that tRCD ~ tRCD (max). 


referenced to RAS 
(9) 
tOFF (max) defines 
the time at which 
the output 
achieves 
the 
Write command setup 
twcs 
ns 
open-circuit 
condition 
and is not referenced 
to VOH or VOL. 
time 
(10) Operation 
within the tRCD (max) limit assures that tRAC (max) 


CAS setup time for 
tCSR 
30 
ns 
can be met. tRCD (max) is specified 
as a reference 
point only; if 


CAS before RAS refresh 
tRCD is greater 
than 
tRCD (max), 
access 
time 
is controlled 


CAS hold time for CAS 
tCHR 
105 


exclusively 
by tCAC' 
ns 


(11) ThetCRP requirement 
should be applicable 
for RAS/CAS cycles 
before RAS refresh 


Refresh period 


preceded 
by any cycle. 
tREF 
32 
ms 
Addresses 
(12) Either tRRH or tRCH must be satisfied 
for a read cycle. 
Ao-As 


Self-Refresh 
Cycle 
(13) When tFAS :s;2.5 ms, lccs 
does not depend on the RAS clock; 


Iccs (max) =500I'A. 
When tFAS ~ 2.5 ms, lccs (max) = 500l'A 
RFSH pulse width 
tFAS 
810 
ns 
(Note 13) 
for the first 2.5 ms after RFSH falls (it does not depend on the 


RAS to RFSHdelay 
tRFD 
100 
ns 
RAS clock). Subsequently, 
lccs is 120I'A for thel'PD42601 
or is 


time 
as shown in the following 
table for the I'PD42601-L. 


RA~uptime 
tFRS 
200 
ns 
Operating 
Clock 
Sell-Refresh 
to RFSH 
Temperature 
ITAl 
Frequency 
[mln] 
Currenl 
[max] 


RAS cycle time in self- 
tRCF 
1000 
ns 
(Note 16) 
o to 50·e 
50 kHz 
30l'A 
at 50 kHz 
refresh mode 


RAS precharge time in 
tRPF 
390 
o to 60·C 
100 kHz 
60 I'A at 100 kHz 
ns 
self-refresh mode 
o to 70·e 
200 kHz 
120l'A 
at 200 kHz 


Notes [cont]: 


(14) These parameters 
are referenced 
to the falling edge of CAS for 
early write cycles. 


(15) This parameter 
is applicable 
to page-mode 
operation. 


(16) tReF depends on operating 
temperature 
as reflected in the table 
below (see figures 2 and 3). 


Operating 


Temperature 
[TA] 


a to 50·C 


a to 60·C 


a to 70·C 


tReF [max] 


pPD42601-L 
pPD42601 


20ps 


laps 


5ps 


I~ 


19 RAS Clocks 
2 


~~~~t~~ 
n ,-~---L...,":",...:" 


Notes: 


(1) 
One internal 
address 
is refreshed 
every 19 RAS pulses. 


(2) 
The self-refresh 
mode is intended 
primarily 
for long 
periods 
of refresh-only 
operation. 
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Notes: 
{1] The value for tReF {min] is specified in AC Characteristics. 
The 


value fortReF 
[max} is dependent 
upon temperature 
and shown 


in the table below. 


'RCF [maxi 


TA 
pPD42601-L 
pPD42601 


50°C 
20ps 
5P5 
60°C 
10 ps 
5 ps 


70°C 
5J1s 
SJ1S 


[2] When exiting self-refresh 
to a period of read and write operation 


which 
includes 
CBR refresh 
cycles, 
tReF is the delay between 


the last self-refresh 
pulse and the first 
CBR cycle. 
When 


entering 
self-refresh 
operation, 
tReF is the delay between the 


last CBR cycle and the first self-refresh 
pulse. 


[3J In this period of normal read/write 
operation, 
there are no CBR 


refresh cycles or less than 512 RAS·only 
refresh cycles. 


{4] The time delay between the last self-refresh 
pulse in one self· 
refresh cycle, and the first self-refresh 
pulse In the next cycle,ls 
defined by tRCF [max] when the intervening 
period of read and 
write operation 
meets the conditions 
In Note 3. 


(5] The built-in 
counter 
generates 
the 
refresh 
address 
in self- 


refresh and CBR refresh cycles. Since this address Increments 
sequentially 
from the last cycle in either self-refresh 
or CBR 
operation 
to the first cycle in the alternate refresh mode, CBR 
refreshing 
should 
be used 
during 
normal 
read 
and 
write 


operation 
to refresh one address location 
every 62 JiS or less. If 


some other means of refreshing 
is used, it is necessary to do a 
burst refresh of all storage cells just before changing 
to and just 
after eXiling self-refresh 
operation. 


Last 
Self-Refresh 
Pulse 


First 
Self-Refresh 


Pulse 


Notes: 


[1] The value fortRCF [min] is specified in AC Characteristics. 
The 


value for tRCF Imax] is dependent upon temperature and shown 
in the table below. 


'RCF [maxi 


TA 
pPD42601-L 
pPD42601 


50°C 
20 ps 
5 ps 


60°C 
10 ps 
5 ps 
70°C 
Sps 
Sps 


[2} When exiting self-refresh 
to a period of read and write operation 


which includes 
CBR refresh cycles, tRCF is the delay between 


the 
last 
self-refresh 
pulse 
and 
the 
first 
CBR 
cycle. 
When 


entering 
self-refresh 
operation, 
tReF is the delay between the 


last CBR cycle and the first self-refresh 
pulse. 


[3] The built-in 
counter 
generates 
the refresh 
address 
in self- 
refresh and CBR refresh cycles. Since this address Increments 
sequentially 
from the last cycle in either self-refresh 
or CBR 
operation 
to the first cycle In the alternate refresh mode, CBR 
refreshing 
should 
be used 
during 
normal 
read 
and 
write 


operation 
to refresh one address location 
every 62 JiS or less. If 


some other means of refreshing 
is used, it is necessary to do a 
burst refresh of all storage cells just before changing 
to and just 


after exiting self-refresh 
operation. 
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ICSH : 


I 


I 


IRSH 


ICAS 


IIWP 
I 


~t 
L,,"}z 


DIN -7/-/-0-/Z-/Z-//I)( 
Valid 
Data 
••••••.•••• 
/Z....,......,.O.....,....Z.,......,...O....,......,O-Z..,......,..O..........,Z 
/Z....,......,.ZZ; 


~f- 
IDHR---- 


High Impedance 


DOUT 


Nole: 


(1) 
RFSH = VIH. 
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NEe 


Timing Waveforms (coni) 


RAS-Only 
Refresh Cycle 


tRC 


tRAS 
tRP 


tCRP~ 
-tRPC 


~~~o 
=z=:-zi.~;:lz""""'-zz"---zz"'--zz""'--'-zz""""""'zz--'--z""""'-zz"---zz"""""zz"""""""~""""'-'o-""""-z~Z1 


High Impedance 
Dour 
------------------------------------------ 


Notes: 


(1) 
RFSH = VIH. 


(2) 
WE and DIN = don't 
care. 


High Impedance 


Dour 
------------------- 
Notes: 


(1) 
RFSH = VIH. 


(2) 
WE, DIN, Addresses = don't care. 
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pPD43501 


1,024-CHANNEL 


TIME DIVISION SWITCH 


Description 


The pPD43501 is a time-switch 
device designed for use 


in a high-performance 
digital 
communications 
net- 


work. 
Features 
include 
a time-switch 
function 
by 


which 
up to 1,024 channels 
can be exchanged 
using 


a 16-bit data width, and a tone output function 
by which 


an 8-bit 
tone 
signal 
can 
be output 
to an arbitrary 


channel. 


Two planes of 1-kword 
by 8-bit storage 
area and one 


plane of 1-kword 
by 10-bit control 
storage area for the 


time-switch 
function 
enable 
the pPD43501 
to realize 


switching 
modes in which 
arbitrary 
1,024 or 512 input 


channels 
can be connected 
to arbitrary 
1,024 or 512 


output 
channels. 
The configuration 
of the tone signal 


output 
section, 
one 
plane 
of 64-word 
by 8-bit 
tone 


storage 
area and one plane of 1-kword 
by 8-bit tone 


control 
storage area, allows the device to output 
up to 


64 different 
tone signals to an arbitrary 
output channel 


as 8-bit voice/tone 
data. 


Part Number 


pPD43501R 


Data Transfer Rate(maxi 


8.192 Mbps 


Package 


132-pin ceramic 
pin grid 
array 
(PGA) 


Features 
o Separate switch 
storage and control 
storage to 


allow construction 
with one VLSI device of a non- 


blocking 
switching 
network 
having a maximum 


capacity 
of 1,024 channels 


o Selectable 
operation 
- 
1,024 by 1,024 serial input and output 


- 
1,024 by 1,024 parallel 
input and output 
• 16.384 MHz operating 
frequency 
• 8.192 Mbps data transfer 
rate 
- 
512 by 512 parallel 
input and output 
• 8.192 MHz operating 
frequency 
• 4.096 Mbps data transfer 
rate 
o Switching 
flexibility 
- 
8- or 16-bit data width 
- 
n by 64 kbps connection 


o Tone signal output 
function 


o 8 by 8 space switch 
for an 8.192 Mbps, 128-channel 


multiplexed 
line 


o CPU interfaces 
for the control 
storage 
and tone 


control 
storage 


o Low power consumption: 
1000 mW (typ) 
o TTL-compatible 
inputs and outputs 
o 132-pin ceramic 
pin grid array packaging 
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NEe 


WAOO-WA09 


WCOO-WC09 


CTLD 


RST 


FH 


CLK 


CLK, 


CLK2 


MODo 


MOD, 


TSPO 


TSP, 


WE 
DIN 
DOUT 
Switch 
Storage 2 


WE 
DIN 
DOUT 
Switch 
Storage 1 


DOUT1 


Control 
Storage 


DOUT2 
DIN 


DOUT1 
Tone Control 
Storage 
DIN 
DOUT2 


PIS 
or 


POUT 


PIS 
or 
POUT 


SEL: Selector 
SIP: 
Serial-la-Parallel 
Converter 


PIS: 
Parallel-la-Serial 
Converter 
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Switching Functions 


Mode 0 


In this mode, the pPD43501 
inputs 
eight 
128-channel 


multiplexed 
lines 
from 
ports 
Sioo through 
SI07 (or 


from Cloo through 
CI07) and outputs 
eight 128-channel 


multiplexed 
lines to ports SOoo through 
S007 (or COoo 


through 
COo7). Refer to figure 
1 for a functional 
pin 


diagram. 


Serial input data from the input ports first is converted 
to parallel 
data by the serial-to-parallel 
converters 
in 


the receive section, 
and then multiplexed 
and sent to 


the input section 
of the switch 
storage area. Since the 


write address counter 
is synchronized 
with input data, 


the write 
address 
of the switch 
storage 
area corre- 


sponds 
to the time 
slot 
number 
of the input 
signal. 


Writing 
multiplexed 
data to the switch 
address speci- 


fied by the write address counter 
causes input data in 


the 
time 
slot 
corresponding 
to the 
switch 
address 


always to be stored at that address 
(figure 2). 


Conversely, 
a control 
storage address corresponds 
to 


an output-side 
time slot number, and the data in control 


storage 
indicates 
the switch 
storage 
address, 
i.e., the 


input-side 
time 
slot 
number 
is stored 
at the control 


storage address corresponding 
to the output-side 
time 


slot to which the input-side 
is transferred. 


The 
address 
signal 
is sent 
from 
the 
read 
address 


counter 
to control 
storage 
in synchronization 
with 


each 
output-side 
time 
slot. 
Data 
read 
out 
by this 


operation 
is then sent to the switch storage area as the 


address 
signal, 
and the data in the specified 
address 


(input-side 
time slot) is then read out on the output side 


and switched. 
Switched 
data is sent to the parallel-to- 


serial converters 
in the transmission 
section, 
where it 


is converted 
to serial 
data 
and 
then 
output 
to the 


appropriate 
output 
ports. 


With this switching 
function, 
the data in an arbitrary 


time slot on the input side can be output 
as data in an 


arbitrary 
time slot on the output 
side. Furthermore, 
in 


addition 
to the time division 
switch 
function, 
a space 


switch 
function 
enables switching 
time slots on any of 


the eight 
input ports to be output 
on any of the eight 
3 


output 
ports. 
This 
means 
that 
a nonblocking 
8 x 8 


space switch for 128-channel 
multiplexed 
lines can be 


realized. 


Mode 1 


Mode 
1 makes it possible 
for the pPD43501 
to input 


512-channel 
multiplexed 
lines (4.096 Mbps by 8 bits), 8 


bits 
in parallel, 
and output 
512-channel 
multiplexed 


lines, 8 bits in parallel. 
The input signals 
received 
on 


the input 
ports are sent to the switch 
storage 
area in 


parallel, 
after 
which 
the 
same 
switching 
functions 


described 
in Mode 0 are then performed. 


Mode 2 


In Mode 2, the pPD43501 
inputs 
1,024-channel 
multi- 


plexed 
lines (8.192 Mbps by 8 bits), 8 bits in parallel, 


and outputs 
1,024-channel 
multiplexed 
lines, 8 bits in 


parallel. 
The input signals 
received 
on the input ports 


are sent to the switch 
storage 
area in parallel, 
after 


which 
the 
same 
switching 
functions 
described 
in 


Mode 0 are performed. 
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5100-5107 
5000-5007 
} 
Data Input 
Data Output 
116] 
[16J 


C100-C107 
COOO-C007 


Data 
10 
} 


InpuVOutput 
[8] 
DBO-DB7 
WAOO-WA09 
Counter Ouput 


DBS-DB9 
10 
120J 


SWEl 
RAOO-RA09 


SWE2 


TWE 
CTlD 
Control Signal 
VOIC 
RCRY 
and Data Input 


[11] 
TONE 
TRCR 
Basic Timing 
ADST 
Output 


DTST 
ClK, 
[6] 


SCN, 
ClK2 


TSEl 
SCN2 


Tone Data Input { 
MOOD 
TNOO-TN07 
[8] 
MOD, 


1 


RST 
TEST 
)•......'"'"' 
[5J 


Basic Timing 
Input 
FH 
TSPO 


14J 
RCTl 
TSPl 


ClK 


{ 


10 


Counter Present Input 
WCOO-WC09 


120] 
10 
RCoo-RC09 


132-Pin 
PGA 
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S1°O 


i 


(llO) 


S100'(ll7) 


Serial 
Data 
Serial 
Data 
TDSW 
lSI 


1024 x 1024 


FH 


ClK 


i 
S1~ (Ol7) 


Frame 
Configuration 
125 Ils 
I] 


a 
• 


FH -.n 
(( 
n- 
Il 


S100 
T50 
(llO 
CHO) 
T58 
(ILO CHI) 
{' 
TS1016 
(ILO CH127) 
I 
.J 


I 
I 
I 
T57 
(I L7 CHO) 
{' 
I 
T515 
(IL7 
CHI) 
.J 
TS1023 
(IL7 
CH127) 
SI01 
U (' 


SOoo 
T50 
(OlO 
CHO) 
T56 
(OLO CHI) 
.J 
T51016 
(OlO 
CH127) 
I 
I 
I 
I 
I 
({ 
S001 
T57 
(OL7 
CHO) 
T515 
(OL7 
CHI) 
T51023 
(OL7 
CH127) 


" 


Tima 
Slot 
Conflguralion 


122 ns 
• 
• 


FHJ 
I 
fJ-- 


ClK 


I 
I 
't=r. 
Sloo 
87 
86 
85 
84 
83 
82 
81 
80 
87 
86 
, 


I 
\.. 
, 


I 
TS 


.J 


I 
I 
I 
I 
(t==r: 
SI01 
87 
86 
85 
84 
83 
82 
81 
80 
87 
86 
, 
U 
ft=r. 
SOoo 
I 
87 
86 
85 
84 
83 
82 
81 
80 
I 
87 
86 


I 
\.. 
.J 
I 
TS 
I 
II 
't=r. 
S001 
87 
86 
85 
84 
83 
82 
81 
80 
87 
86 
,, 


Notes: 
[1) 
IL = Input line 


(2) 
OL = output 
line 


(3) 
TS = time slot 
[4) 
CH = channel 
83IH-52158 
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pPD43608 
SINGLE-CHIP 
CACHE SUBSYSTEM 


Description 


The pPD43608 
is an integrated 
cache subsystem 
that 


provides 
the microprocessor 
system 
designer 
with 
a 


high-performance, 
single-chip, 
general-purpose 
cache 


solution. 
The pPD43608 
consists 
of a CPU interface, 
directory 
storage 
(including 
address 
tag and validity 


bit storage). 
8K bytes of on-chip 
data storage, 
128 x 


6-bit 
least recently 
used (LRU) 
replacement 
storage, 


internal 
address 
and 
data 
paths 
for 
cache 
bypass 


operations, 
an asynchronous 
32-bit system 
bus inter- 


face, and several features 
optimizing 
cache write and 


miss operations. 
The pPD43608 is also able to interface 


with 
a number 
of 
16- and 
32-bit 
general-purpose 


microprocessors 
operating 
at 16 or 20 MHz. 


Features 
o High-performance 
16- and 20-MHz operation 


o 16- and 32-bit microprocessor 
interface 
capability 


o Integrated 
cache architecture 


- 
8K bytes of on-chip 
data storage 


- 
16-byte cache block size 


- 
4-way set associative 
placement 
algorithm 


o Bus monitoring 
circuit 


o LRU replacement 
algorithm 


o Prefetch 
on miss-one 
block lookahead 


o Fetch bypass and wraparound 
load 
o Asynchronous 
32-bit system bus interface 
o Multichip 
configuration 
increases cache size 
o Write-through 
storage 
update policy with one-level 


write buffer 
o 132-pin ceramic 
pin grid array packaging 


o CMOS circuit 
technology 


ReadyOutput 
Cycle Time 


Part Number 
Time (max) 
(min) 
Package 


JlPD43608R-2 
70 ns 
125 ns 
132-pin ceramic pin 


R-3 
50 ns 
100 ns 
grid array 


Organization 


The pPD43608 
is organized 
as a 4-way set associative 


cache, with 8K bytes of on-chip 
data storage organized 


as 128 sets by four 16-byte data blocks. When the CPU 
executes 
a read cycle, 
the address 
tag field 
of the 


physical 
CPU address 
is compared 
to the address tag 


in the cache directory. 
If a hit occurs, the selected data 


is sent to the CPU. Otherwise, 
the pPD43608 initiates 
a 


miss cycle 
to access 
main 
storage 
and 
update 
the 


cache 
with 
the replacement 
block. 
This architecture 


ensures a high hit ratio of 95% in most microprocessor 
applications. 


Optimizing the Miss Cycle 


The hit rate is an important 
parameter 
for measuring 


performance. 
Since a high hit rate of 95% requires that 


the pPD43608 access the main storage array for 5% of 
all 
read cycles, 
the 
penalty 
in system 
performance 


incurred 
during 
a miss cycle 
may be significant. 
The 


pPD43608 
provides 
a number 
of on-chip 
features 
that 


optimize 
system performance 
during 
a miss cycle. 


Data Transfer Cycles 


The pPD43608 
cache 
subsystem 
provides 
two 
data 


transfer 
modes 
for accessing 
main storage 
during 
a 


miss cycle: (1) burst data transfer 
mode uses the nibble 


access feature of a DRAM in main storage to optimize 
system 
bus 
bandwidth; 
(2) 
in single 
data 
transfer 


mode, an address 
is transmitted 
with each read cycle 


to 
main 
storage 
for 
systems 
that 
don't 
use 
nibble 


access DRAMs. 


Block Load and Fetch Bypass Buffers 


Once the replacement 
block has been read from main 


storage, 
the block 
load buffer 
is used to reduce 
the 


replacement 
block 
transfer 
time 
by providing 
a tem- 


porary 
buffer for storing 
the replacement 
block while 


the cache data storage 
is being updated. 


II 
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Concurrently, 
the 
CPU 
throughput 
is optimized 
by 
loading the missed word into the fetch bypass buffer as 
soon as it is read from main storage. The CPU directly 
accesses 
the fetch 
bypass 
buffer 
and can fetch 
the 
missed word without 
having to wait for the replacement 
block 
to be stored 
in cache data storage. 
If the CPU 
attempts 
to read the 
next word 
in the 
replacement 
block, the cache searches the directory 
and the block 
load 
buffer 
to determine 
whether 
or not 
a hit 
has 
occurred. 
Once the entire replacement 
block is loaded 


into 
the 
block 
load 
buffer, 
the data 
is wraparound- 
loaded into cache data storage. 


Prefetch on Miss 


On cache 
miss cycles, 
the J./PD43608 implements 
a 
one-block 
lookahead 
algorithm 
that 
prefetches 
the 
next sequential 
cache data block, thus increasing 
the 
cache 
hit 
rate. 
Although 
prefetching 
can 
improve 
cache 
performance, 
a check 
must be made to deter- 
mine that the block is not currently 
stored in the cache. 


The J./PD43608 performs 
this check 
during 
each pre- 
fetch 
cycle, 
searching 
the 
cache 
directory 
for 
the 
desired 
prefetch 
block. 
If a hit occurs, 
the prefetch 


logic 
aborts 
the cycle. 
This function, 
which 
ensures 


that the cache is not polluted 
with duplicate 
data, can 


be enabled or disabled 
by controlling 
the cache status 


code signals during 
each read cycle. 


Replacement Algorithm 


The 
J./PD43608 uses 
a 
least 
recently 
used 
(LRU) 


replacement 
algorithm 
to determine 
which 
data block 


should 
be overwritten 
during 
a cache miss cycle. This 


algorithm 
improves 
cache 
performance 
by choosing 


the data block 
with 
the least usage to optimize 
the 


hit rate. 


Main Storage Update Policies 


To maintain 
data consistency 
in the storage 
hierarchy 


during 
each cache write 
cycle, 
the J./PD43608 uses a 


write-through 
method 
that updates 
the main storage 


as soon as the CPU writes data to cache storage. 
CPU 


throughput 
is optimized 
by means of a one-level 
write 


buffer, which temporarily 
stores write data and initiates 


the write cycle to main storage, 
allowing 
the CPU to 


concu rrently 
execute the next instruction. 
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Index Markb 


14 13 12 11 10 
9 
8 
7 
6 
5 
4 
3 
2 
1 


Pin 
Number 
Function 
Pin 
Number 
function 


A, 
0,5 
C6 
Vcc 


A2 
°'2 
C, 
GNO 


A3 
010 
Cs 
Vcc 


A, 
Og 
Cg 
A, 


AS 
0, 
ClO 
AS 


A6 
05 
C" 
A" 


A, 
03 
C'2 
A" 


AS 
02 
C'3 
A'6 


Ag 
A, 
C" 
A20 


AlO 
A2 
0, 
02' 


A" 
AS 
°2 
02' 


A'2 
A, 
03 
D,S 


A'3 
AlO 
0,2 
A,S 


A" 
A'2 
013 
A,g 


B, 
020 
0" 
A2' 


B2 
0" 
E, 
°2S 


B3 
0,3 
E2 
023 


B, 
0" 
E3 
Vcc 


Bs 
Os 
E'2 
A,S 


B6 
06 
E'3 
A22 


B, 
0, 
E" 
A2' 


Bs 
0, 
F, 
02' 


Bg 
00 
F2 
026 


BlO 
A3 
F3 
GNO 


B" 
A6 
F'2 
A23 


B'2 
Ag 
F'3 
A2S 


B13 
A'3 
F" 
A26 


B" 
A" 
G, 
°29 


C, 
022 
G2 
°2S 


C2 
D,g 
G3 
GNO 


C3 
0'6 
G'2 
GNO 


C, 
0" 
G'3 
ADO 


Cs 
GNO 
G" 
A27 


pOOOOOOOOOOOOOO 


N 00000000000000 


M 00000000000000 


L 000 
000 


K 000 
000 


J 000 
000 


H 000 
000 


G 000 
000 


F 0 0 0j 
Insertion 
Mistake 
0 0 0 


E 0 0 0 
Prevention 
Pin 
0 0 0 


o 000 
000 


C 00000000000000 


B 00000000000000 


A 00000000000000 


83-004721A 


Pin 
Number 
Funclion 
PI" 
Number 
Funclion 


H, 
030 
"110 
A02' 


H2 
03' 
"1" 
AD" 


H3 
GNO 
"1'2 
AD,s 


H 
' 
2 
GNO 
"1'3 
A013 


H 


' 
3 
A02 
"1" 
AOg 


H" 
AD, 
N, 
PBE2 


J, 
PROY 
N2 
SMC 


J2 
PAS 
N3 
AMC 


J3 
PCS 
N, 
BRa 


J'2 
AD, 
Ns 
BACK 


J 
' 
3 
AD, 
N6 
MBE2/WAIT 


J" 
A03 
N, 
A03' 


K, 
PRO/PWT 
Ns 
A029 


K2 
CAEN 
Ng 
A027 


K3 
ST2 
NlO 
A02' 


K'2 
AD" 
N" 
A022 


K'3 
A06 
N'2 
AO,g 


K" 
ADs 
N'3 
AO,6 


L, 
ST, 
N" 
AO'2 


L2 
STo 
P, 
ERR 


L3 
l'Bto 
P2 
WBSY 


L'2 
AD" 
P3 
MAS/MBS 


L13 
AOlO 
P, 
MBEo/EOC 


L" 
ADs 
Ps 
MBE,/UERR 


"1, 
PBE3 
P6 
MBE3/CERR 


"12 
l'Bt, 
P, 
MWA 


"13 
PCLK 
Ps 
A030 


"1, 
RSi' 
Pg 
A02S 


Ms 
BCLK 
PlO 
A026 


"16 
MilS 
P" 
AD25 


"1, 
Vcc 
P'2 
A023 


Ms 
GNO 
P'3 
A020 


Mg 
Vcc 
P" 
AD,s 
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pPD43608 
Single-Chip 
Cache 
Subsystem 
r-----------------------------~--------~ 


I 
32 
I 


Write 
Data 
Buffer 


Storage 
Block 
,----- 


I 
I 
I 
I 
I 
L 


I 
R 


: 
U 


I 
I 
I 
I 


(16 Bytes 
x 


128 Sets 
x 4 Ways) 


System 
Bus 
Control 


System 
Bus 
Interface 
System 
Bus 
110 


Write Address 
Buffer 


I 
I 
L 
~ 


pPD43608 
Single-Chip 
Cache 
Subsystem 


System Bus Interface 


The integrated 
system bus interface 
provides an inter- 
face 
to 
contemporary 
microprocessor 
system 
bus 
architectures. 
The interface 
circuit 
consists 
of a 32-bit 
multiplexed 
address and data bus, asynchronous 
bus 
control 
signals, 
a bus 
lock 
signal, 
a wait 
signal, 
a 


correctable 
error function, 
two data transfer 
modes- 


burst and single, and a system 
bus clock 
signal. The 
size of the cache 
can 
be increased 
by connecting 


additional 
pPD43608 devices in parallel. A write buffer 


busy 
signal 
is daisy-chained 
between 
the 
parallel 


devices 
and automatically 
controls 
data transfers 
in 


multichip 
configurations. 


Bus Monitoring 


In multiprocessor 
system 
applications, 
maintaining 


data consistency 
is a major concern. 
In such a system 


architecture, 
an integrated circuit is required to monitor 


the system bus for any updates to main storage. When 
a bus master updates 
a location 
in its cache storage 


and 
writes 
that 
change 
to 
main 
storage, 
all 
slave 


processors 
must invalidate 
any stale cache data. The 


monitoring 
circuit 
latches 
all write 
addresses 
on the 


system bus and invalidates 
any cache data blocks that 


are not consistent 
with main storage. 
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PCLK 
BCLK 
Clock 
Clock 


A1-A27 
" 
A ADO-AD31 
Address 
Address 
Dala 
v 
" MAS/MBS 


A 
00-031 
" 


Dale 
MDS 
" 
PAS v 


MBEo/EOC 


PCS 
MBE1/UERR 
Bus Cycle 


uPD4360S 
Control 
Cache 
CAEN 
Access 
MBE2/WAIT 


Control 
PRDY 
MBEJ/CERR 
ERR 


PRD/PWT 
MWA 
Bus 


BRQ 
Monitor 


Bus Cycle 
{ 
PBE3-PBEO 


Dellnilion 
BACK 
} 
Bus 
ST2-STO 
Arbitration 


sf 
sf 
~ 
~ 
~ 
~ 
Vcc 
GND 
RST 
WBSY 
AMC 
SMC 


. 
·1· 
·1· 
. 


CPU 
Power Supply 
Memory 
Inlerlace 
and Control 
Interface 


83-0047228 


Signal Summary 


CPU Interface 
Memory Interface 


Signal 
Input! 
Signal 
Function 
Signal 
Input! 
Signal 
Function 


Name 
Output 
Name 
Output 


PCLK 
I 
Processor 
clock 
ADo-AD31 
I/O 
Address/data 
bus 


A1-A27 
I 
Address 
bus 
AD31 = MEM/IO 
0 
Memory/IO 


1 


Do-D31 
I/O 
Data bus 
AD30 = MRD/MWT 
Read/write 
During 
an 


PAS 
I 
Address 
strobe 
AD29 = LOCK 
Bus lock 
address 
cycle 


PCS 
I 
Command 
strobe 
AD28 = PRF 
Prefetch 


CAEN 
I 
Cache output 
enable 
MAS/MBS 
0 
Address 
strobe/bus 
strobe 


PRD/PWT 
1 
Read/write 
MDS 
0 
Data strobe 


PBETPBEo 
I 
Byte enable 
MBEo/EOC 
0 
Byte enable 
O/end 
of cycle 


ST2-STO 
I 
Status 
MBE1/UERR 
I/O 
Byte enable 
1/uncorrectable 
error 


PRDY 
0 
Ready 
MBE2/WAIT 
I/O 
Byte enable 
2/wait 


ERR 
0 
Error 
MBE3/CERR 
I/O 
Byte enable 
3/correctable 
error 
Control 
MWA 
I 
Main 
memory 
write 
check 
address 


RST 
I 
Reset 
BRD 
0 
Bus request 


WBSY 
I/O 
Write 
buffer 
busy 
BACK 
I 
Bus acknowledge 


AMC 
I 
Test pin 
BCLK 
I 
Bus clock 


SMC 
I 
Scan path 
mode 
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NEe Electronics Inc. 
pPD71641 
Cache Memory Controller 


Description 


The pPD71641 is an LSI cache controller chip offering 
advanced features, unequaled flexibility, and built-in re- 
liability to system designers. The pPD71641 makes it 
practical and economical to use sophisticated caches in 
microprocessor-based systems. 


The implementation of pPD71641 is transparent to the 
application program. ThepPD71641 is configurable from 
direct-mapped to 4-way set-associative mapping. The 
pPD71641 allows up to 128K bytes of cache memory. 
Cache updating is made efficient with sub-block parti- 
tion and burst mode features. 


The pPD71641 can be easily used with many general- 
purpose, high-performance 32-bit or 16-bit microproces- 
sors. Its architecture is suitable for multiprocessors and 
multi master environments. Cache data consistency is 
ensured by bus monitoring and dual comparator tech- 
niques. The pPD71641 uses a write-through strategy to 
update main memory, which guarantees the best cache 
consistency in a multiprocessor and multimaster sys- 
tem. External data storage is flexible in size and organi- 
zation. The pPD71641 will work with any word width. 


TJ:1epPD71641is unique in offering features to implement 
a 
highly 
reliable 
cache 
memory 
subsystem. 
The 


pPD71641 provides built-in reliability checks, such as 
address tag parity check, multiple hit detection, and 
self-diagnosis for directory faults. Upon detection of an 
erroneous condition, the pPD71641 can either be dis- 
abled, or continue to operate in a functionally degraded 
mode. 


o General-purpose interface supports high- 
performance microprocessors 


o Transparent to application programs 


o Flexible placement algorithm: direct 2-, 4-way set- 


associative 


o Large tag memory configuration: 


-1024 
sets x 1 way x 2 sub-blocks 
- 
512 sets x 2 ways x 2 sub-blocks 
- 
256 sets x 4 ways x 2 sub-blocks 


o Programmable sub-block size up to 64 bytes 


o Bus replacement cycle variable from 1 to 16words 


o Supports large cache memory up to 128K bytes 


o Supports up to 4G bytes of main memory 


o LRU replacement algorithm 


o Write-through strategy 


o Data consistency check by bus monitoring 


o External PURGE input to flush tag store 


o Increased reliability through internal error detection 
- 
Parity check on tag store 
-Incorrect 
match check 
- 
Multiple hit check 
- 
LRUoutput check 


o Unique level degradation feature to maximize cache 


system up time 


o 16- and 20-MHz operation 


o 132-pin PGA package 


Ordering Information 


Max Clockout 
Frequency 
Package 


132-pin Ceramic PGA 


IJ 


DPAR 


FAULT 


FATAl 


Description 


The pPD72120 Advanced Graphics Display Controller 
(AGDC) displays characters and graphics on a r~ster 
scan device from commands and parameters received 
from a host processor or CPU. Features of the AGDC 
include high-speed graphics drawing capabilities, video 
timing signal generation, large capacity display ~emory 
control 
(including video RAMs), and a versatile CPU 


interface. These features allow the AGDC to control 
graphics drawing and display of bit-mapped systems. 


o High-speed graphics drawing functions 


- 
Graphics drawing: dot, straight line, rectangle, 
circle, arc, sector, segment, ellipse,.ellipse arc, 
ellipse sector, and ellipse segment 
- 
Maximum drawing speed 


500 ns/pixel (8 MHz, pixel mode) 
500 ns/dot (8 MHz, plane mode) 


-Area 
filling (high-speed processing in word units): 
triangle, trapezoid, circle, ellipse, and rectangle 


- 
Painting: fi lIing of any arbitrary enclosed area (bit 
boundary retrieval) 
- 
Data transfers in display memory: multiplane 
transfers; data transformation 
(9CJ'/18CJ'/270° 
rotation and reversal); multiwindow transfers; 
maximum transfer speed of 500 ns/word 


-Image 
processing: slant, arbitrary angle rotation, 


16/N enlargement, and N/16 shrinkage (N any 
integer from 1 t016) 
- 
Position specification by X-V coordinates 


- 
Logical operations between planes 


o Video timing signal generation 


- 
High-speed processing by two system clocks: 
display (for video sync signal generation) and 
graphics drawing clocks 
- 
External synchronization capabi lity 


o Large-capacity display memory 
- 
Display memory bus interface: 24-bit address and 
16-bit data bus for addressing up to 16Mwords, 
16 bitsiword 
- 
Video RAM (VRAM) control 
- 
Display memory bus arbitration 


o Host processor (CPU) interface 
- 
System bus interface: 20-bit address bus, 8- or 
16-bit data bus 
- 
Data transfer with external DMA controller: from 
system memory to display memory (PUl); from 
display memory to system memory (GEl) 


- 
High-speed pipeline processing with preprocessor 
before drawing processor 


- 
CPU memory or I/O mapping of internal registers 
and display memory for efficient system interface 


o 8-MHz system clock 
o CMOS technology 
o Single + 5-volt power supply 
o Packages: 84-pin PLCC, 94-pin plastic miniflat 
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Ordering Information 


Part No 


pPD72120L 


pPD72120GJ-5BG 


Package 


84-pin PLCC 


94-pin plastic miniflat 


NEe 


CLK 
_ 


RESET 
_ 


VOO--- 
GND--- 


WAIT 


DMARQ 


DMAAK 


READY 
CSIR 


CSDM 
AD 


WR 
ASTB 


UBE 


SCLK 


BLANK 


HSlEXHS 


VSlEXVS 


OWR 


ORO 


OASTB 
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~PD72123 
Advanced Graphics 
Display Controller II 


Description 


The JlPD72123Advanced Graphics Display Controller II 
(AGDC II) is an enhanced version of the JlPD72120 
AGDC. It executes bit map graphics processing at high 
speed as a peripheral to a host CPU,reducing the host's 
workload and improving processing efficiency. 


Features 


o Compatible with JlPD72120AGDC 
o Higher speed drawing 
-10-MHz 
drawing clock 


o Large command set 


- 
Line drawing with graphics pen 


- 
Painting arbitrary or defined areas with tiling 
patterns 


- 
Enlarge, shrink, and arbitrary-angle rotate copy 
commands 


- 
Data transfer between system and display 
memory 


o Flexible system configurations 


- 
Drawing can be performed on display or system 
memory space 


- 
Data bus can be used with most microprocessors 


- 
Independent drawing and display clocks 


- 
VRAM control 


- 
Laser printer interface controls 


o Versatile drawing environment 
- 
Pipelined processing 


- 
Two X-V coordinate systems can be defined 


- 
Conversion between one-dimensional and two- 
dimensional data arrays 
- 
Clipping/picking 


o Improved painting performance 
o Bit search command 
o Vertical blank interrupt 
o Bit reversal 
o Drawing wait/retry timing 
o CMOStechnology 
o Single + 5-volt power supply 


Ordering Information 


Part Number 
Package 


132-pin ceramic PGA 


94-pin plastic miniflat 


84-pin PLCC 


JlPD72123R 


JlPD72123GJ-5BG 


JlPD72123L 


Item 
"PD72123 
"PD72120 II 


Clock frequency 
10 MHz 
8 MHz 


X-V coordinate 
systems 
Two 
One 


Line pattern 
32 bits 
16 bits 


Raster operations 
Three 
Two 
(no. of operands) 


Tiling 
pattern 
(horizontaQ 
32 b~s 
16 b~s 


Trapezoid fill 
". 


(lower line select) 


Paint speed 
Increased 


Paint stack area 
Decreased 


Graphics pen 
" 
B~ search 
" 
Vertical blank interrupt 
" 
Laser printer control 
" 
Drawing busy output signal 
" 
Wa~ drawing cycle 
" 
Retry drawing cycle 
•... 


B~ reversal 
•... 


READY 
CSIR 


CSDM 
RD 
WR 
ASTB 


UBE 


ADO - AD1S 
A16 -A19 


CLK_ 
RESET 
_ 


VDD_ 
GND_ 


DPBSY 
DMARQ 


DMAAK 


Display 
Memory 


Bus 


SCLK 


BLANK 
HS/EXHS 
VSlEXVS 


DWR 


DRD 
DASTB 


DT/DISP 


GCSR 
DWAIT 
WAIT 


RETRY 


DADo· 
DAD1S 
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pPD72185 


Advanced Compression! 


Expansion Engine 


Description 


The pPD72185 Advanced CompressionJExpansion En· 
gine (ACEE) is a dedicated high·speed processor that 
performs binary image data compression and expan· 
sion using CCITT Group 3 and Group 4 algorithms. The 
pPD72185supports all the coding methods specified in 
the CCITT T.4 and T.6 recommendations. 


The pPD72185ACEE operates on 8- or 16·bit·wide data 
residing in memory. It can compress image data into 
reduced codes and also expand reduced codes into an 
image. Compressed codes can be transferred 
to or 


from 
a separate 
processor 
or 
parallel 
peripheral 


through an I/O port. 


The pPD72185 has a high·performance, 
four·stage 


pipelined architecture. 
It has separate host CPU and 


image data buses for maximum data throughput. The 
on-chip DMA controller 
manages all data transfer on 


the image bus. 


The pPD72185 is designed for high· performance image 
compression applications, such as facsimile machines, 
PC FAX boards, scanners, printers, image worksta· 
tions, electronic document storage systems, and mag- 
netic and optical disk based electronic filing systems. 


o High-speed processing 


- 
Compression/expansion 
of CCITT standard test 


chart (A4 size, 400 PPIx 400 LPI) in under 1 
second 
Internal four-stage pipelined CPU 


o Handles a variety of encoding/decoding 
methods: 
CCITT standard MH, MR, and MMR 


o 32K pixels maximum per line 


o Supports 32·megabyte image memory 


o Image data enlargement/reduction 
- 
Horizontally 
x2 enlargement (on decoding) 
x1/2 reduction (on encoding) 


-Vertically 
x2 and x4 enlargement (on decoding) 
x1/2 and x1/4 reduction (on encoding) 


o Bit boundary processing 


o Automatic error handling on decoding 


o Multitasking capability 


o Dual bus system 
-Image 
memory side (24·bit address bus, 8/16·bit 


data bUS) 
- 
Host CPU side (8/16·bit data bus) 


o High integration 
- 
On-Chip DMA controller 
- 
On·chip refresh timing generation circuit 


o CMOS process 
-Single 
+ 5·volt power supply 
-System 
clock: 8 MHz maximum 
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Part No. 


/lPD72185CW 


/lPD72185L 


Package 


64-pin 
plastic shrink DIP (750 miQ 


68·pin 
PLCC (plastic leaded chip carrier) 


~EC 


INT- 
UBE- 
CS- 
IORD- 
IOWR- 
DREQ- 
DACK- 


IOAO-l0A3 q 


-CLK 


~VDD 
-aND 


ASTB 
AEN 
MREQ 
MACK 


MRD 


MWR 
READY 
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pPD7220A 


High-Performance 


Graphics Display Controller 


Description 


The 
pPD7220A 
high-performance 
graphics 
display 


controller 
(HGDC) 
is an intelligent 
microprocessor 


peripheral 
designed 
to be the heart of a high-perfor- 


mance 
raster scan computer 
graphics 
and character 


display 
system. 
Positioned 
between 
the video display 


memory 
and 
the 
microprocessor 
bus, 
the 
HGDC 


performs 
the 
tasks 
needed 
to 
generate 
the 
raster 


display 
and'manage 
the display 
memory. 
Processor 


software 
overhead is minimized 
by the HGDC'ssophis- 


ticated 
instruction 
set, graphics 
figure 
drawing, 
and 


DMA transfer 
capabilities. 
The display 
memory 
sup- 


ported by the HGDC can be configured 
in any number 


of formats 
and sizes 
up to 256K 16-bit 
words. 
The 


display 
can be zoomed 
and panned, while partitioned 


screen 
areas can be independently 
scrolled. 
With its 


light 
pen input and multiple 
controller 
capability, 
the 


HGDC 
is 
ideal 
for 
advanced 
computer 
graphics 


applications. 


For 
a 
more 
detailed 
description 
of 
the 
HGDC's 


operation, 
please 
refer 
to 
the 
722017220A 
design 


manuals. 


System Considerations 


The HGDC is designed 
to work with a general purpose 


microprocessor 
to 
implement 
a 
high-performance 


computer 
graphics 
system. 
Through 
the division 
of 


labor established 
by the HGDC's 
design, 
each of the 


system 
components 
is used to the maximum 
extent 


through 
a six-level 
hierarchy 
of simultaneous 
tasks. At 


the lowest 
level, the HGDC generates 
the basic video 


raster 
timing, 
including 
sync 
and 
blanking 
signals. 


Partitioning 
areas on the screen and zooming 
are also 


accomplished 
at this 
level. At the 
next 
level, video 


display 
memory 
is modified 
during 
the figure drawing 


operations 
and 
data 
moves. 
Third, 
display 
memory 


addresses 
are calculated 
pixel 
by pixel 
as drawing 


progresses. 
Outside 
the 
HGDC 
at 
the 
next 
level, 


preliminary 
calculations 
are done to prepare 
drawing 


parameters. 
At the 
fifth 
level, 
the 
picture 
must 
be 


represented 
as a list of graphics 
figures 
drawable 
by 


the 
HGDC. 
Finally, 
this 
representation 
must 
be 


manipulated, 
stored, and communicated. 
By handling 


the first three levels, the HGDC takes care of the high- 
speed 
and 
repetitive 
tasks 
required 
to implement 
a 


graphics 
system. 


o Microprocessor 
interface 
- 
DMA transfers 
with 8257- or 8237-type 


controllers 
- 
FIFO command 
buffering 
o Display 
memory 
interface 
- 
Up to 256K words of 16-bits 
- 
Read-modify-write 
(RMW) display 
memory 


cycles as fast as 500 ns 
- 
Dynamic 
RAM refresh cycles for nonaccessed 


memory 
o Light pen input 
o Drawing 
hold input 
o External video synchronization 
mode 
o Graphic 
mode 
- 
Four megabit, 
bit-mapped 
display 
memory 


o Character 
mode 
- 
8K character 
code and attributes 
display 
memory 
o Mixed graphics 
and character 
mode 


- 
64K if all characters 
- 
1 megapixel 
if all graphics 
o Graphics 
capabilities 
- 
Figure drawing 
of lines, arc/circles, 
rectangles, 


and graphics 
characters 
in 500 ns per pixel 


- 
Display 
1024-by-1 024 pixels with 4 planes of 


color or grayscale 
- 
Two independently 
scrollable 
areas 
o Character 
capabilities 
- 
Auto cursor 
advanced 
- 
Four independently 
scrollable 
areas 


- 
Programmable 
cursor 
height 
- 
Characters 
per row: up to 256 
- 
Character 
rows per screen: up to 100 
o Video display format 
- 
Zoom magnification 
factors 
of 1 to 16 


- 
Panning 
- 
Command-settable 
video raster parameters 
o NMOS technology 
o Single +5 V power supply 
o DMA capability 
- 
Bytes or word transfers 
- 
4 clock periods 
per byte transferred 
o On-chip 
pull-up 
resistor for VSYNC/EXT, 
HSYNC 


and DACK, and a pull-down 
resistor for LPEN/DH 
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Ordering Information 


Part 
Package 
Number 
Type 


pPD7220AD 
40-pin ceramic DIP 


pPD7220AD-1 
40-pin ceramic DIP 


pPD7220AD-2 
40-pin ceramic DIP 


2xWCLK 


DBIN 


HSYNC 


VlEXTSYNC 


BLANK 


ALE 


DRO 


DACK 
RD 


WR 
Ao 
DBo 


DB1 


DB2 


DB3 


DB4 
DBS 
DBa 


DB7 


GND 


Max Frequency 
of Operation 


6 MHz 


7 MHz 


8 MHz 


VCC 


A17 


A1a 


AD1S 


AD14 


AD13 


AD12 


AD11 


AD10 


ADg 


ADa 


AD7 


ADa 


ADS 


AD4 


AD3 


AD2 


AD1 


ADO 


LPENtDH 


No. 


35-37 


38 


39 


Pin 


Symbol 


AD13-AD15 


AD16 


AD17 


Function 


Line counter bits 0 to 2 outputs 


Line counter bit 3 output 


Cursor output and line counter bit 4 


Pin 


No. 
Symbol 
Function 


35-37 
AD13-AD15 
Address and data bits 13 to 15 


38 
A16 
Attribute 
blink and clear line counter 
output 


39 
A17 
Cursor and bit-map area flag output 


Pin Identification 


Pin 


No. 
Symbol 
Function 


1 
2xWCLK 
Clock input 


2 
DBIN 
Display memory read input flag 


3 
HSYNC 
Horizontal video sync output 


4 
V/EXT 
SYNC 
Vertical video sync output or external 
VSYNC input 


5 
BLANK 
CRT blanking output 


6 
ALE 
Address latch enable output 


7 
DRO 
DMA request output 


8 
DACK 
DMA acknowledge input 


9 
RD 
Read strobe input for microprocessor 
interface 


10 
WR 
Write stobe input for microprocessor 
interface 


11 
AO 
Address select input for microprocessor 
interface 


12-19 
DBO-DB? 
Bidirectional 
data bus to host micro- 


processor 


20 
GND 
Ground 


21 
LPEN/DH 
Light pen detect input drawing hold 
input 


22-34 
ADo-AD12 
Address data lines to display memory 


35-37 
AD13-AD15 
Utilization 
varies with mode of 


operation 


38 
A16 
Utilization 
varies with mode of 


operation 


39 
A17 
Utilization 
varies with mode of 


operation 


40 
Vcc 
+5 V ±10% power supply 


tttrEC 


+5V 0--.- 
GNOe---- 


2 xWCLK e---- 


Microprocessor 
Interface with 
Status 
Register and 
Data Read 
Register 


FIFO 
Buffer 
16 x 9 


Command 
Processor 
with 
Control 
ROM 
128 x 4 


HSYNC 


VlEXTSYNC 


BLANK 


Light Pen 
Oeglltch 
and 
Register 


Logic 


IJ 
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APPLICATION 
NOTE 54 


pPD42505 


LINE BUFFER FOR 


COMMUNICATIONS 
SYSTEMS 


The current 
trend 
in storage 
devices 
is toward 
larger, 


faster, 
better-performing 
products. 
There 
is a comple- 


mentary 
trend 
toward 
the 
development 
of 
storage 


devices 
designed 
for 
specific 
purposes. 
The 
video 


buffer 
is 
an 
example 
of 
a dedicated 
device. 
Line 


buffers, 
field 
(frame) 
buffers 
for 
TV 
and 
broadcast 


equipment, 
and 
graphics 
buffers 
for 
computers 
are 


examples 
of video storage 
devices. 
Table 1 shows some 


of NEC's 
dedicated 
video 
buffers. 


Product 
StorageConfiguration 
SerialCycleTime 
ApplicationinVideo/OpticalSystems 


JiPD42505 
5048x 8 
500r75ns 
Linestoragein facsimilemachines, 
copiers,andscanners 


JiPD41101/ 
JiPD42101 
910x 8 
34or 69ns 
Double-speedscanconversionfor 
NTSCTV,luma/chromaseparation 


JiPD41102/ 
JiPD42102 
1135x 8 
28or 56ns 
Double-speedscanconversionfor 
PALTV,luma/chromaseparation 


JiPD42270 
263x 910x 4 
60ns 
Imagefield storage 


JiPD41264 
64Kx 4/256x 4 
40or 60ns 
High-speeddrawingdevice 


JiPD42274/ 
JiPD42273 
256Kx 4/512x 4 
30or 40ns 


JiPD42232 
32Kx 8/256Kx 1/128x 8 
40or 60ns 
High-speeddrawing/image 
processingdevice 


JiPD42532 
32Kx 8 
100ns 
Datatransferrateconversion 


Function 


Linebuffers 


Fieldbuffer 


Dual-portgraphics 
buffers 


Triple-porIgraphics 
buffer 


Bidirectionaldata 
buffer 


This application 
note introduces 
theJiPD42505, 
a high- 


speed 
serial 
access 
device 
with 
the 
same 
general 


interface 
specifications 
as those 
of the JiPD41101. The 


JiPD42505 
was developed 
specifically 
for office 
auto- 


mation 
equipment 
that handles 
a large amount 
of data 


in each horizontal 
line, equipment 
such as G3 and G4 


digital 
facsimile 
machines, 
high-performance 
copiers, 


andimagescanne~. 


There 
has 
been 
a great 
deal 
of technical 
progress 


toward 
higher 
quality 
and 
performance 
in the devel- 


opment 
of 
this 
image-processing 
equipment. 
For 
example, 
there 
are already 
advances 
in image 
quality 


using 
two-dimensional 
filtering, 
image 
contraction 


and expansion, 
and 
high-speed 
video 
signal 
transfer. 


The 
JiPD42505 
achieves 
optimal 
processing 
with 
a 


storage 
array of 5048 x 8 bits, and by use of an internal 


algorithm 
to read out data in the order 
in which 
it was 


input. 
The fast cycle time of 50 ns allows 
theJiPD42505 


to perform 
various 
types 
of image 
processing. 


Figure 
1 shows 
a typical 
application 
for the JiPD42505 


using 
a digital 
copier 
as an example. 


A digital 
copier 
mainly 
consists 
of 
a reader 
and 
a 


printer 
section. 
The image 
reflected 
from 
the original 


document 
placed 
in the scanner 
section 
is input 
to an 


image 
sensor 
(e.g., 
a CCD 
or 
contact-type 
image 


sensor) 
and 
photoelectrically 
converted 
to a digital 


signal. 
The 
digital 
signal 
is then 
input 
to the 
image 


processing 
section 
for image quality 
improvement 
and 


processing. 
The electronic 
image 
signal 
processed 
in 


the reader 
block 
is sent to the printer 
block, 
converted 


to 
light 
in the 
laser 
modulation 
section, 
developed, 


fixed, 
and 
printed 
out. 
If a communication 
facility 
is 


added 
to this 
copier, 
it can 
function 
as a facsimile 


machine. 


Digital 
copiers 
and facsimile 
machines 
configured 
in 


this way can use dedicated 
video 
buffers 
in the image 


processing 
or transmission 
section. 
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Uses for the jlPD42505 


The 
following 
discussion 
describes 
the 
types 
of 
applications 
for which 
the pPD42S0S was developed: 
frequency 
(speed) conversion, 
a data delay line for one 
horizontal 
scanning 
line, and buffering 
for data trans- 
fer operations 
in a simple 
configuration 
with simple 
control. 


Consider 
the need for a device that asynchronously 
converts 
the 
read 
and 
write 
speed 
for 
frequency 
conversion, 
e.g., a serial access device used for image 
contraction 
or expansion, 
with a word length of one to 
two horizontal 
lines. The buffer must be written to and 
read from asynchronously 
and at different 
rates. High 
speed 
is also a requirement. 
Figure 
2 illustrates 
a 
frequency 
conversion 
application. 


Converts the Image reflected 
from the original document 
to the electrical signal 
r---------------, 
I 
I 


I 
I 


I 
I 
I 
I 
L 
...J 


Electric charger, 


charge drum, 


developer, fixer 


Another 
application 
might 
require 
a data delay 
line 


with a delay 
length 
of one to two lines. This type of 


buffer could be used for image quality 
improvement 
in 


two-dimensional 
filtering, 
especially 
for filtering 
in the 


vertical 
direction, 
because 
it could 
be written 
to and 


read from 
simultaneously 
in synchronization 
with 
a 


single 
clock 
signal. 
Figure 
3 illustrates 
two-dimen- 


sional filtering. 


A 
third 
application 
is 
a 
buffer 
for 
data 
transfer 


operations. 
This 
application 
requires 
a device 
large 


enough 
to store the amount 
of data handled, with the 


capability 
to read and write 
asynchronously, 
simul- 


taneously, 
and at different 
speeds. An output such as a 


flag to indicate the amount of data in the storage array 
might also be required. Figure 4 illustrates 
buffering 
for 
data transfer. 


o00 
Contour enhancement, 
detail processing, 
o_0 ---+ 
by comparing 
with 


O0 0 


neighboring 
data in four 
directions 
[up, down, left, and right). 


High-Speed 
Intermittent 
Data Transfer 


Low-Speed 
Continuous 
Data Transfer 


These 
applications 
typically 
require 
a double-buffer 


configuration 
using high-speed 
SRAMs for data stor- 


age in bits, as shown in figure 5. 


In the first phase, data is written to the first SRAM while 
data 
in the 
second 
SRAM 
is read 
simultaneously, 


alternating 
operations 
between the two SRAMs. How- 


ever, this operation 
requires components 
such as read 


and write 
address 
counters, 
a multiplexer 
to switch 


address signals according 
to the read and write state of 


each device, a multiplexer 
to switch 
write data input 


and read data output, and a sophisticated 
controller 
to 


control 
the SRAMs and the other 
components. 
The 


tJPD42505, 
by performing 
some 
of these 
functions 


itself, considerably 
simplifies 
these applications. 
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Features of the tJPD42505 


The tJPD42505 is a 5048-word x 8-bit high-speed 
serial 
access device that uses 1.5-tJm CMOS processing 
and 


dual-port 
storage cell circuits 
allowing 
simultaneous, 


asynchronous 
read 
and 
write 
cycles 
at 
different 


speeds. 
An 
internal 
algorithm 
makes 
an 
external 


address signal unnecessary. 


Read and write operations 
are fully and independently 


controlled 
by their 
own set of control 
signals. 
The 


storage 
array 
length 
of 5048 words 
meets the size 


required to sample one line of JIS A3-size paper on the 
shorter 
side 
(297 mm) 
with 
a sampling 
rate 
of 
16 


dots/mm 
(400 dots/in). 
On the longer side (418 mm), 


the sampling 
rate is 12 dots/mm 
(300 dots/in). 
The 


tJPD42505 can easily process document 
data for each 


line. The configuration 
of 8 bits to 1 word corresponds 


to the number 
of bits for one sampling 
point, 
which 


allows the device to process natural-looking 
images. 


The tJPD42505 can be used in video applications 
that 


require high-speed 
processing 
because of its minimum 
simultaneous 
write/read 
cycle 
time 
of 
50 ns 
and 


maximum 
access time of 40 ns. For example, the cycle 


time 
of 50 ns is fast enough 
to digitally 
process 
an 


NTSC or PAL composite 
video signal at a sampling 
rate 


of four times the color subcarrier 
frequency 
(4fsc). 


The tJPD42505 is particularly 
suitable 
for 
use as a 


digital 
delay 
line with 
a delay 
length 
of up to 5048 


cycles in one-cycle 
steps. The device is mounted 
in a 


300-mil, 
24-pin 
plastic 
slim 
DIP 
The 300-mil 
width 


allows high-density 
mounting. 
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pPD42505 
Pinout 


Pins 1through 
12control 
read operation 
(DOUTO-DoUT7, 


RSTR, RE, and RCK) and the GND pin. Pins 13 through 
24 control 
write operation 
(D1NO-DIN?, RSTW, WE, and 
WCK) and the power supply 
(Vccl. 
-- 
-- 
RSTW and RSTR are control 
signal 
inputs 
that reset 
the internal 
read and write address pointers 
to starting 
address O. These pins are useful for initializing 
the chip 
after power-on 
or for returning 
the address to O. 


OOUTO 
1 
DINO 
Ooun 
DIN1 
Doun 
DIN2 


DOUT3 
4 
DIN3 
ill 
WE 
RSTll 
iiSTW 
GND 
7 
YCC 


RCK 
WCK 


DOUT4 
DIN4 


DOUTS ,. 
DINS 
Doun 
11 
DIN6 


DOUT7 
DIN? 


WE and RE are control 
signals 
that enable 
(low) 
or 


disable 
(high) 
write 
and read operation. 
When WE is 


high, write operation 
is disabled 
and the write address 


stops 
at the 
current 
value. 
When 
RE is high, 
read 


operation 
is disabled, 
the read address 
stops 
at the 


current 
v~e, 
and the output 
goes to high impedance. 


WE and RE may be input 
at any time, 
but they 
are 


latched in each cycle at the rising edge of WCK or RCK, 
respectively. 


WCK and RCK are the write 
and read system 
clock 


inputs. 
One write 
or read cycle 
is executed 
in syn- 


chronization 
with each WCK or RCK input when WE or 


RE is low. The write 
or read address 
is incremented 


internally 
in single 
steps 
and 
wraps 
around 
auto- 


matically 
from 5047 to O. 


DINO-D1N? are the write 
data input 
pins. Write data is 


clocked 
into the chip at the rising edge atthe end of the 


WCK 
cycle. 
DouTo-DoUT7 
are the 
read data output 


pins. 
Read data is output 
when 
the access 
time 
has 


elapsed 
from 
the rising 
edge at the beginning 
of the 


RCK cycle. 


~EC 


Read and Write Timing 


Input a low-level 
signal to RSTW (for writing) 
or RSTR 


(for reading) to satisfy the setup and hold times measured 
from the rising 
edge at the beginning 
of the WCK or 


RCK cycle. This returns the cycle to starting 
address O. 
Figure 7 shows read and write timing 
for thet/PD42505. 
-- 
-- 
As the figure shows, the RSTW or RSTR signal can end 
in one 
write 
or read 
cycle 
or can 
be repeated 
for 


successive 
write 
or read cycles. 
Repeating 
the reset 


cycle 
holds 
the address 
at O. The address 
is incre- 


mented 
to address 
1 only 
in a cycle 
when 
RSTW or 


RSTR is set high at the rising edge of the WCK (RCK) 
cycle. 
For write reset, the write data clocked 
in the last 


reset cycle 
is written 
to address 
O. For read reset, the 


data 
in address 
0 is output 
continuously. 
After 
the 


reset, write or read operation 
continues 
as the address 


is incremented 
by 1 for each cycle 
in synchronization 


with 
its appropriate 
clock. 
When the internal 
address 


reaches 
5,047 
(i.e., 
when 
write 
or 
read 
cycles 
are 


executed 
5,048 times), the address returns to address 0 


and the write or read operation 
starts over at that point. 


Speed Conversion. 
Independently 
controlling 
the read 


and write 
operations 
of the t/PD42505 
allows 
you to 


perform 
speed conversion. 
For example, when the read 


and write addresses are initialized 
by RSTW and RSTR, 


data is written 
in synchronization 
with WCK and the 


write data is written 
to the chip from device address O. 


Data written 
can be read out from 
address 
O. In this 


case, the reset signal input timing 
and the clock signal 


speed (cycle time) can be independently 
controlled 
for 


read and write operation. 
The t/PD42505 
can be used 


for 
speed 
(frequency 
or 
time 
axis) 
conversion 
by 


outputting 
the data previously 
input with an arbitrary 


drive frequency 
and time at a different 
drive frequency 
and time. 


Digital 
Delay 
Line. 
To use the t/PD42505 
as a digital 


delay line, input the same clock 
to WCK and RCK and 


reset the read and write cycles 
in parallel. 
Written 
data 


is read out after 5,048 cycles 
to provide 
a 5,048-cycle 


digital 
delay line. 


There are three ways to control 
the delay length: 


• 
By controlling 
the WE and RE signals 


• 
By inputting 
RSTW and RSTR at different 
times (the 


delay length is determined 
by the offset between the 


signals) 


• 
By changing 
the reset signal 
interval 
when 
RSTW 


and 
RSTR are concurrently 
controlled 
(the delay 


length 
is determined 
by 
the 
reset 
signal 
input 


interval) 


Notes: 


(lJ 
WE = RE = VIL. 


(2J V = Valid data. 
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The delay le~h 
can be change~ 
one-cycle 
steps by 


controlling 
WE and RE. When WE and RE are high, 
write 
and read operation 
is disabled. 
The write 
and 


read 
addresses 
remain 
where 
they 
were 
when 
the 


operations 
were disabled, 
regardless of WCK and RCK. 


When RSTW and RSTR are used to control 
the delay 
length, 
the data written 
at address 
0 when 
RSTW is 


input 
is read out from 
address 
0 when 
RSTR is next 


input. The offset between RSTW and RSTR determines 
the delay length. 


Note: 


[1 J V = Valid Data. 


[2J 1H = the first group 
of n bits. 2H = the second 
group 
ot n'bits. 


In the third 
method, 
changing 
the reset signal 
input 


interval, 
the same signal 
is used for WCK and RCK so 


that 
RSTW and 
RSTR are controlled 
together. 
The 


data, written 
after a reset signal, 
is read out after the 


next 
reset 
signal 
in the 
order 
it was 
written. 
This 


interval 
determines 
the delay 
length. 
For example, 
if 


the reset signal 
is input every 4,800 cycles, 
the delay 


length 
is 4,800 cycles. 
Figure 
8 shows 
the timing 
for 


this method. 
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The write data input from pins DINO-DIN?goes through 
the DIN buffer 
and is serially 
written 
to either a static 


cell in an 8-byte 
configuration, 
or a dynamic 
cell in a 


5,040-byte 
configuration, 
one byte (8 bits) at a time, in 


synchronization 
with 
WCK. The data read out from 


these 
cells 
is serially 
output 
from 
the 
DouT 
pins 


through 
the sense amplifier 
and the DouT buffer, 
one 
byte at a time, in synchronization 
with RCK. The read 


and write control 
circuits 
control 
these operations. 


WCK 


WE 


RSTW 


- 
- 
~ 
.. 


.2 
.2 
0 
~ 
Dynamic 
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Storage Cells 


The jlP042505 
uses dual-port 
storage 
cells to allow 
read and write cycles to be executed 
asynchronously 


and 
at different 
speeds. 
Figure 
10 shows 
a circuit 


diagram 
of a static dual-port 
storage cell, and figure 11 


shows a dynamic 
dual-port 
storage cell. 


In the static 
cell, read and write 
data are input 
as a 
differential 
signal 
so that 
it can operate 
at a higher 


speed. 
The circuit 
size is larger 
because 
it requires 


more components.I[~,. 
"." 
",~'" 
"'''r 


The 
dynamic 
cell 
has 
only 
one 
bit 
line 
for 
read 


operation 
and one for write 
operation. 
It requires 
a 


longer data sense phase, reducing 
the speed. However, 


it can be configured 
with fewer components. 


Both types of cells are used in the jlP042505 
to exploit 


the advantages 
of each. 
Other 
than 
initializing 
the 


internal address pointer to the starting address with the 
reset signal, 
the jlP042505 
is configured 
so that the 


internal 
address 
is incremented 
one bit at a time and 


data 
is 
serially 
accessed. 
After 
a 
reset 
operation 
(immediately 
changing 
the addressing 
sequence), 
a 


static dual-port 
storage cell that can operate at higher 


speed is accessed. Simultaneously 
or subsequently, 
a 


dynamic 
cell is used as a pipeline, 
allowing 
both types 


of cells to be accessed at high speed. 


Pipeline operation 
refers to an instance where the word 


line (row) to be selected next is set to the selected level 
in advance, 
so that it can be written 
or read at high 


speed 
in the 
time 
required 
to 
select 
a column 
in 


dynamic 
static-column 
mode. 


Shift registers 
are used as read and write column 
and 


row selectors 
to enable 
the sequential 
selection 
of 


write or read addresses 
in pipeline 
processing. 


Applications 


Signal 
processing 
technology 
aims 
toward 
higher 


quality 
in the 
development 
of 
digital 
copiers 
and 


facsimile 
machines. 
As 
examples, 
consider 
image 


quality 
improvement 
processing 
such as the adaptive 


bilevel control 
technique, 
which produces 
a stable and 


accurate 
binarization 
regardless 
of the original 
docu- 


ment type, and the two-dimensional 
equalizing 
filter, 


which 
corrects 
fading 
in photoelectric 
signal conver- 


sion. The jlP042505 
fits easily into these processes. 
It 


can also reduce system size and cost. 


Two-Dimensional 
Filter 


In handling 
an image with 
half-tones, 
e.g., a photo- 


graph, there is some deterioration 
in the image quality, 


such 
as thin 
lines and small 
characters 
fading 
out; 


fading 
is usually 
caused 
by the lens or photoelectric 


signal 
conversion 
system 
in a CCO 
sensor. 
A two- 


dimensional 
filter 
is 
very 
effective 
in 
enhancing 


contours 
where 
contrast 
changes 
sharply 
and 
in 


reducing 
the 
fading 
problems. 
Figure 
12 shows 
a 


contour 
enhancement 
circuit. 
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RSTW 
WCK 
RSTR 
RCK 
Delay Length Control 


In this example, 
the video 
input 
is handled 
as a 4-bit 


signal so that a circuit 
with a delay length equal to two 


scanning 
lines 
can 
be 
configured 
with 
a single 


pPD42505. 
Adding 
adders 
or subtractors 
and multi- 


pliers 
to 
the 
pPD42505 
completes 
the 
contour 
enhancement 
configuration. 


The video 
signal 
of the n+1th 
line (delayed 
by one 


scanning 
line) is input 
to DINO-D1N3and output 
from 


DOUTO-DoUT3 as the 
nth 
line. 
Applying 
this 
output 


directly 
to DIN4-DIN7 delays the video signal 
another 


scanning 
line before it is output 
from DOUT4-DOUT7as 


the n-1th 
line. There 
is a delay of one scanning 
line 


between 
the signal 
input 
to D1NO-D1N3and the signal 


output 
from 
DOUTO-DoUT3, and 
a delay 
of another 


scanning 
line between 
the signal 
input 
to DIN4-DIN7 


and the signal 
output 
from 
DOUT4-Doun 
Processing 


these signals 
in the adders 
and multipliers 
provides 
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Scanning 
{~~C 
n-1th Line 
Lme 
B 
nth Line 


~n+lthLine 


contour 
enhancement 
in the vertical direction. 
You can 


control 
the delay length by controlling 
the reset signals 


(RSTW and RSTR) and the clock 
signals 
(WCK and 


RCK) in common, 
and by controlling 
the reset signal 


input interval. 


The delay length of one scanning 
line is used in various 


applications 
for two-dimensional 
data processing. 
The 


pPD42505 
can also 
be used in applications 
such 
as 


VTR jitter 
compensation 
(time axis variation) 
caused 


by the variance in head drum rotation rate orthe expansion 
or 
shrinkage 
of 
the 
tape, 
applications 
requiring 


variable-length 
delay 
lines 
to contract 
or expand 
a 


video 
image 
in the horizontal 
direction, 
applications 


involving 
the synchronization 
of two or more digital 


signal 
inputs, 
and 
as a line 
buffer 
in data 
transfer 


operations 
between devices using different 
data trans- 


fer rates. 
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APPLICATION 
NOTE 55 
pPD41101/pPD41102 
HIGH-SPEED 
LINE BUFFERS 


Introduction 


The pPD41101 and pPD41102 
are high-speed 
serial 


access line buffers organized 
as 910 words x 8 bits and 


as 1135 words x 8 bits, respectively. 
An algorithm 
that 


enables data to be read out in the order in which it was 
input 
makes these 
devices 
suitable 
for 
use as data 


delay lines or for converting 
data transfer 
rates, e.g., as 


buffer storage 
used for data transfer 
between devices 


with different 
data processing 
rates. 


The pPD41101 can process an NTSC composite 
video 


signal 
(the 
TV 
system 
used 
in 
Japan 
and 
North 


America) 
that has been previously 
digitized. 
The fast 


access times of the device allow a sampling 
frequency 


of four 
times 
the color 
signal 
subcarrier 
frequency 


(where 
fsc = 3.58 MHz and 4fsc = 14.32 MHz) 
for 


each scanning 
line to be used. This 
means that 910 


addresses 
are required 
for each scanning 
line when 


sampling 
at 4fsc. 


The pPD41102 
can 
process 
a PAL composite 
video 


signal 
(the TV system 
used 
in European 
countries 


other than France) that has been previously 
digitized. 


This 
device 
also uses a sampling 
frequency 
of four 


times the color signal subcarrier 
frequency 
(where fsc 
= 4.43 MHz and 4fsc = 17.72 MHz) for each scanning 
line, which means that 1135 addresses are required for 
each scanning 
line when sampling 
at 4fsc. 


Figure 1 shows the pin configuration 
for these devices. 
The DINo-DIN7, RSTW, WE, and WCK pins control 
write 


operation, 
while 
DouTo-DoUT7, 
RSTR, RE, and RCK 


control 
read 
operation. 
The 
pins 
are organized 
to 


operate asynchronously 
and at different 
speeds simul- 


taneously. 
A built-in 
serial 
address 
generator 
auto- 


matically 
generates 
read and write addresses 
so that 


an address need not be supplied 
externally. 


High-Speed Operation 


Write and Read Operation 


Write 
and read cycles 
are executed 
identically. 
One 


address of data (8 bits) is written 
or read in one cycle 


in synchronization 
with WCK or RCK when WE or RE 


is low. The write or read address 
is incremented 
by 1 


at the falling 
edge of each write or read clock. 
Write 


data must satisfy 
setup and hold times as measured 


from the rising edge of WCK. 


DOUTO 


DOUTl 


DOUT2 


OOUT3 
4 
Rl' 


RSTR 


GND 


RCK 


OOUT4 


COUTS 


00UT6 
11 


DOUT7 
12 


DINO 


DIN1 


DIN2 


DIN3 


WE 


19 
RSTW 


VCC 


WCK 


DlN4 


DINS 


DIN6 


OlN7 


The RSTW and RSTR reset signals 
initialize 
the write 


and read address pointers 
to O. A reset signal must be 


input to satisfy the setup and hold times as measured 
from the rising edge of WCK or RCK. Once the address 
is initialized, 
a write 
or 
read 
cycle 
is executed 
in 


synchronization 
with 
its 
respective 
clock 
and 
the 


pointer 
is incremented 
by 
1. In the pPD41101, 
the 


pointer 
returns to 0 after address 909. In the pPD41102, 


the pointer 
returns to 0 after address 1134. 


When WE is high, write operation 
is disabled 
and the 


line address 
is held regardless 
of the status of WCK. 


When RE is high, read operation 
is disabled, the output 


goes to high impedance, 
and the line address 
is held 


regardless 
of the status of RCK. 


Functional Blocks 


The write data from DINO-DIN7goes through 
an input 


buffer and is serially written 
to either a static cell in an 


8-byte configuration, 
or a dynamic 
cell in an 1136-byte 


configuration, 
one byte (8 bits) at a time, in synchroni- 


zation 
with 
WCK. The data read from 
these cells 
is 


serially 
output 
from 
the DOUT pins through 
a sense 


amplifier 
and the output 
buffer, 
one byte at a time, in 


synchronization 
with RCK. The read and write circuits 


control 
these operations. 


WCK, WE, and RSTW are input 
to the write 
control 


circuit. 
RCK, 
RE, and 
RSTR are input 
to the 
read 


control circuit. These segments are composed of simple 
gate circuits 
(figure 2). 
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Storage Cells 


The JiPD41101 and JiPD41102 use dual-port 
storage 


cells to execute 
read and write cycles asynchronously 


and at different 
speeds (figures 
3 and 4). 


Static Cell Organization. 
In the static cell, two pairs of 


transfer 
gates 
(one 
pair 
each 
for 
read 
and 
write 


operation) 
are connected 
to the flip-flop 
in the middle. 


The other end is connected 
to a pair of bit lines for read 


operation 
(RD, RD). and another 
pair for write opera- 


tion (WD, WD). One word line each for RW and WW are 
connected 
to the transfer 
gate pins. 


When the word line for a write cycle (WW) goes to the 
selected 
level, and write data is applied to the pair of bit 


lines (WD, WD) of the selected column, 
a write cycle is 


executed 
on the cell where 
the row (word 
line) and 


column 
(bit line) intersect. 


A read 
cycle 
is executed 
independently. 
When 
the 


word line goes to the selected 
level (RW), data is trans- 


ferred 
to the bit line pair (RD, RD) through 
a transfer 


gate. Data is selected 
by the column 
signal 
and read 


externally. 
Data in the storage cell at the intersection 
of 


the selected 
row and column 
is also read. 


Read and write data are input as a differential 
signal so 


that the static 
dual-port 
cell can operate 
at a higher 


speed. 
The circuit 
size is larger 
because 
it requires 


more components. 


Dynamic 
Cell 
Organization. 
Each dynamic 
array 
in 


the JiPD41101 and JiPD41102 consists 
of two subarrays 


with 71 rows apiece. Each row of the subarray 
consists 


of8 (numberofbits) 
x 8 addresses 
(bytes). Each rowof 


each subarray 
therefore 
has 8 subword 
lines. Figure 5 


shows the organization 
of a dynamic 
array. 


WW [Word line 
for Write Operation] 


-wo 1 
l-wD 
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The dynamic 
cell has only one bit line for each read 


(RD) and write (WD) operation, 
one word line for each 
read (RW) and write (WW) operation, 
three transistors, 
and one capacitor. 
Although 
the longer 
data sense 
phase reduces 
its speed, a dynamic 
cell can be con- 
figured 
with 
fewer 
components 
and 
used for 
high- 
density 
integration. 


In a write cycle, 
write data input through 
the bit line 


(WD) is guided through 
a transfer 
gate made conduc- 
tive 
by the 
word 
line 
(WW). 
The 
gate 
charges 
or 
discharges 
the storage capacitor. 


In a read cycle, the transistor 
with the gate connected 
to one end of the storage capacitor 
is turned 
on or off 
depending 
on whether or not the capacitor 
is charged. 


Data is transferred 
to the bit line (RD) through 
the 


transfer 
gate, made conductive 
by the word line (RW), 


and then read externally. 
Word and bit lines for each 


operation 
are independent 
of each other so that read 
and write cycles can be executed 
asynchronously. 


Data Transfer 


The pPD41101 and pPD41102 are configured 
so that the 


internal 
address 
is incremented 
one bit at a time and 


data is accessed serially. 
After a reset signal initializes 
the device, a static cell that can operate at higher speed 
is accessed. Simultaneously 
or later, a dynamic 
cell is 


used as a pipeline, 
allowing 
access to both types 
of 


cells at high speed. 


Stored 
information 
is defined 
by 
the 
state 
of 
the 


storage 
capacitor. 
When 
the word 
line for the write 


cycle goes to a selected 
level, the write transfer 
gate of 


each storage cell connected 
to the word line becomes 


conductive, 
and the data (electrical 
level) given to the 


bit line is rewritten 
to the capacitor 
connected 
to the 


end of the transfer 
gate. The precharge 
level of the 


write bit line (typically 
a high level) is rewritten 
to the 


storage cells on the selected word line, other than the 
one to which 
the column 
signal applies 
data, thereby 


destroying 
data stored there. 


The t/PD41101 and t/PD41102 prevent this destruction 
of data by using a main word line and a subword 
line. 
The subword 
line is driven by the ANDed signals of the 
main word line and the write column. 
The transfer gate 


of each cell corresponding 
to each address 
is con- 


nected to a subword 
line. Therefore, 
the write word line 


of the storage 
cells at the selected 
row and column 


address 
is the only 
one which 
goes to a high 
level, 
preventing 
the destruction 
of data in other cells on the 


same write line. 


A dynamic 
storage array consists 
of subarrays 
1 and 2, 


each of which 
is 568 (71 x 8) bytes. A column 
selector 


and a row selector circuit 
are provided for independent 


read and write operation 
for each subarray. 


The first step of address selection 
involves the access- 


ing of an 8-byte 
static 
cell immediately 
after a reset 


cycle. The address selector moves to the first row of the 
subarray, and subarray 
1 is accessed from left to right, 


one byte at a time. When 8 bytes of subarray 
1 have 


been accessed, the address selector 
moves to the first 


row of subarray 
2, also accessed from left to right, one 


byte at a time. When 8 bytes of subarray 
2 have been 


accessed, 
the 
address 
selector 
alternately 
selects 


8 bytes from addresses in both subarrays, 
so that rows 


are selected from the higher 
row to the lower row. 


When the number 
of access cycles 
to the static 
cell 


array (8 addresses) and the dynamic 
cell array reaches 


910 (for the t/PD41101) or 1135 (for the t/PD41102), the 
pointer 
moves to address 0 of the static array. 


This method of sequential 
address selection 
increases 


the access speed of the dynamic 
cell by selecting 
row 


addresses 
in the pipeline 
method. 
Pipeline 
operation 


occurs when the word line (row) to be selected next is 
set to the selected 
level in advance 
so that it can be 


written 
or read at high speed, i.e., in the time required 


to select one column 
in static-column 
mode. 


After a reset cycle, when 8 bytes of the static cell are 
being accessed, 
the first 
row of subarray 
1, which 
is 


accessed 
next, is set to the selected 
level in advance. 
When the selected 
address 
moves to the first 
row of 


subarray 1 (after 8 bytes of static storage are accessed), 
a read or write cycle can be executed 
at high speed for 


that row. The first row of subarray 
1 can be accessed at 


high speed even after the static array is selected. This 
process continues 
with the first row of subarray 
2, the 


second 
row of subarray 
1, and so on. 


While 
the static 
cell 
is being 
accessed 
immediately 


after a reset cycle, the address on the dynamic 
cell is 


held on the first column 
and row of subarray 
1. The 


dynamic 
array 
is not accessed 
at this time. 
Pipeline 


operation 
is performed 
independently 
for write 
and 


read cycles by the row and column 
selectors 
for each 


subarray. 


Shift registers 
are used as read and write column 
and 


row selectors 
for the sequential 
selection 
of write or 


read addresses and pipeline processing. 
Shift registers 


are provided 
for each column 
and row, and each node 


level is set in advance 
so that when 
reset, each shift 


register 
outputs 
a high signal 
for the first column 
or 


row and a low signal for other columns 
or rows. 


The column 
selector 
(shift register) 
is driven by WCK 


or RCK and the address 
is incremented 
by 1 for each 


clock 
cycle, 
i.e., the node that outputs 
a high signal 


changes 
in synchronization 
with 
the clock, 
and the 


column 
selector 
changes with it. 


The row selector 
(shift 
register) 
is related to pipeline 


control 
and is driven by the pulse generated 
when the 


column 
address 
selector 
moves from 
subarray 
1 to 


subarray 
2 or vice versa. The row selector 
is incre- 


mented by one row address after the change from one 
subarray 
to another. 


Each shift register used as a column 
or row selector 
is 
configured 
as a ring 
counter 
so that 
when 
the last 


column 
or row is reached, 
it automatically 
returns 
to 
the first column 
or row. 


Applications 


For the most part, the applications 
described 
below 


pertain 
to noninterlaced 
digital 
TV. The descriptions 


apply to NTSC systems, unless otherwise 
specified. 


Comb Filter 


A composite 
TV signal (output of a TV tuner) is the sum 


of the luminance 
(V) and chrominance 
(R-V, B-V) color 


signals. The V,R-V,and B-V signals must be separated, 
and the R, G, and B signals 
input to the picture 
tube 


generated 
from them. 


A comb 
filter 
with 
line 
buffers 
derives 
the color 
or 


luminance 
signal by cancelling 
it from the composite 


signal, 
using 
the 
correlation 
between 
neighboring 


lines. 
This 
filtering 
fully 
separates 
the 
color 
and 


luminance 
signals, 
especially 
when there is a strong 


correlation 
between lines, to produce 
a clear picture. 


If the signals 
are not well separated, 
the color 
signal 
may interfere 
with the luminance 
signal and cause dot 


crawl. The luminance 
signal may also interfere with the 


color 
signal 
and cause cross-color. 
This interference 


degrades the picture quality, especially 
where color or 


luminance 
changes 
sharply. 
Figure 6 shows a typical 
comb filter using line correlation. 
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This example 
compares 
target line B with neighboring 


lines A and C. TwoJlPD41101s are used as 910-bit delay 
lines. The color 
signal 
(C = R-Y, B-Y) is separated 
by 
subtracting 
the data of the upper and lower lines (A +C) 


from the target line data (B) and filtering 
the separated 
signal 
through 
the 
3.58-MHz 
bandpass 
filter. 
The 
luminance 
signal 
is 
the 
result 
of 
subtracting 
the 


separate color signal from the original 
data (B). See the 
description 
of the "Variable-Length 
Delay Line" appli- 


cation 
for information 
on controlling 
a delay 
line of 


910 bits or less. 


Double-Speed 
Scan Conversion 


The current 
NTSC and PAL TV systems use interlaced 


scanning 
to eliminate 
the flickering 
caused 
by field 
transition. 
Scanning 
is performed 
every 
two 
lines, 


Composite 
Signal 


WCK, 
RCK 


reducing 
the 
pixel 
density 
and 
doubling 
the 
field 


frequency 
(number offields-per-second), 
as illustrated 


in figure 7. 


In interlaced 
scanning 
in the NTSC system, a complete 


frame 
consists 
of two fields 
of 262.5 scanning 
lines 


each. The field frequency 
is 60 Hz, i.e., the sum of 30 


fi rst 
fields-per-second 
and 
30 
second 
fields-per- 


second. 
In 
the 
PAL system, 
a complete 
frame 
is 


comprised 
of two fields 
of 312.5 scanning 
lines each. 


The 
field 
frequency 
is 50 Hz, the 
sum 
of 
25 first 


fields-per-second 
and 25 second fields-per-second. 
In 


both cases, interlaced 
scanning 
reduces 
the flicker 
in 


motion 
scenes 
caused 
by field 
transition. 
The pixel 


density 
in 
the 
vertical 
direction 
is 
also 
reduced, 


diminishing 
the level of detail. 


Color 
Signal 
(C = R-Y, 
B-Y) 


- 
luminance 
+ 0- Signal 
(Y) 


{ 
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The IJPD41101 or IJPD41102 can 
be used to convert 


interlaced 
scanning 
to non interlaced 
scanning. 
Doub- 


ling the pixel density 
(number 
of scanning 
lines) in the 


vertical 
direction 
without 
changing 
the field frequency 


produces 
clear and precise 
images (figure 
8). In inter- 


laced 
scanning, 
the first 
field 
of solid 
lines 
and the 


second field of broken 
lines are scanned 
alternately 
at 


30 fields-per-second 
(25 fields-per-second 
in PAL). In 


non interlaced 
scanning, 
the number 
of scanning 
lines 


per 
field 
is doubled, 
and 
60 fields-per-second 
are 


scanned 
(50 fields-per-second 
in PAL). 


In non interlaced 
scanning, 
the data of the skipped 
line 


is created 
using 
the 
buffer. 
It is read 
at twice 
the 


sampling 
frequency 
of interlaced 
scanning 
(8 fsc if the 


interlaced 
sampling 
rate is 4 fsc). Noninterlaced 
scan- 
ning scans two lines in the time that one line is scanned 
in interlaced 
scanning. 
The horizontal 
frequency 
of the 


CRT must also be doubled 
for non interlaced 
scanning. 


- 
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- 
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The data of the skipped 
line can be created 


• 
Using the data of the previous 
line (reading 
out the 


same data twice) 


• 
Using the average value of the lines before and after 
the skipped 
line 


• 
Using data that is one-field-old 
(the data for 262 lines 


before for NTSC, or 312 lines before for PAL) 


In the first 
option, 
one IJPD41101 (or one IJPD41102 


for PAL) is used for one input signal. The data is written 
at 4 fsc and read out at 8 fsc. Reading starts when data 
is written 
to half of the line (455 bytes). The same data 


is read twice 
(910 bytes x 2) at 8 fsc. Data read in the 


latter half is used as interpolated 
data (figure 
9). 


In the second method, 
oneIJPD41101 delays the data of 


one line, and two IJPD41101s convert 
the current 
data 


and the interpolated 
data for double-speed 
scanning. 


(4lsd ----_r---._---- 


WCK 
•• I~PD411011 •• 


DIN 
Write Line 
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8 Read Line 


(8Isc) 
RCK 


Dour 


Write 
Line 
~--L-in-e-n-~--L_in-e-n-+-1-~-L-in-e-n-+-2- 
Line n + 3 
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------1 
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Output 
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The 
two 
j.lPD41101s 
used 
for 
scan 
conversion 
are 


written 
at 4 fsc and read at 8 fsc. The RE signal is con- 


trolled 
to first read the j.lPD41101 to which the current 
line 
data 
is written, 
and then 
read the j.lPD41101 to 


which the interpolated 
data is written 
(figure 
10). 


In the last option, 
as in the previous 
one, one buffer 


delays the data for one field and two other j.lPD41101s 
perform 
scan conversion. 
The control 
sequence 
is the 


same as described 
in the second 
method. 
Using data 


from a line of the previous field produces 
a clear image, 


especially 
in a still scene (figure 
11). 
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Dropout Compensation 


Dropout 
compensation 
cancels 
the 
noise 
in a VTR 


picture 
reproduction. 
If a line contains 
noise, the por- 


tion 
of the previous 
line in the same position 
as the 


noise 
is reproduced 
instead, 
eliminating 
the 
noise 


from the reproduced 
image (figure 
12). 
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Noise 
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Video 
data 
from 
a tape 
normally 
is written 
to the 


pPD41101, delayed for one scanning 
line (910 bits), and 


then used as image data to a TV system. 
The noise- 


detection 
circuit 
senses 
noise 
in the 
video 
signal. 


When data containing 
noise is input to the JlPD41101, 
the input is switched 
to the data already in the bufferso 


that 
the 
previous 
data 
line 
is written 
again. 
Data 


containing 
the noise 
is not output 
to the TV system 


(figure 
13). 


Video Signal 
Input 
From the Tape 


Video Signal 
Output 
to the 
TV System 


The JlPD41101 can 
also 
be used 
as a 910-bit 
(one 


scanning 
line) 
delay. 
If the write 
data 
fed 
back 
by 


switching 
is delayed, the delay length must be reduced 


to compensate 
for it. For example, 
if switching 
causes 


two bits of delay, the delay length must be adjusted 
to 


908 bits. 


Jitter Compensation 
[Time Base Correction] 


In a VTR. variation 
in head drum rotation 
speed ortape 


contraction 
or expansion 
can cause jitter in the repro- 


duced 
image. 
The image can be reproduced 
clearly 


when jitter 
is adjusted 
and the image 
is reproduced 


with accurate 
clocks 
(figure 
14). 


Video 
Signal 
Input 
From 
the Tape 


Video 
Output 
to the 
TV System 


The video signal 
input from the tape is written 
to the 
JlPD41101 with a clock that can be accurately 
slaved to 
the time axis variation 
of the input video signal. Video 


data with the same time axis is reproduced 
by reading 


data using the synchronized 
read clock as a reference. 


If a jitter compensation 
circuit 
is configured 
so that the 


device to which the data is written, 
or from which 
it is 


read, is selected 
from among two or more devices 
by 


the RE or WE signal, the circuit 
can have a delay length 


of two or more lines. 


Variable-Length 
Delay Line 


The 
JlPD41101, driven 
at 8 fsc, 
can 
be used 
as a 
variable-length 
delay line with a delay length 
of 10 to 


910 bits (12 to 1135 bits for the JlPD41102). Driven at 
4 fsc, it can produce 
a delay of 5 to 910 bits (6 to 1135 


bits for the JlPD41102). If an analog-to-digital 
(A/D) 


and a digital-to-analog 
(D/A) converter 
are connected 


to the input and output 
sides, respectively, 
it can also 


be used as an analog signal delay line (figure 
15). 


Analog 
Signal 
Input 


Delayed 
Analog 
Signal 
Output 
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When reading data at a certain 
address, the pPD41101 


requires 
300 ns + 0.5 write cycles 
(maximum) 
to read 


data once the write 
cycle 
is complete. 
For example, 


when 
the pPD41101 operates 
on a 34-ns 
clock, 
the 
minimum 
delay 
length 
is (300 + 34/2)/34 = 9.3, or 10 


cycles. When the pPD41102 operates on a 28-ns clock, 
the minimum 
delay length is (300 + 28/2)/28 = 11.2, or 
12 cycles. The maximum 
delay length of the pPD41101 


is 910 cycles and 1135 cycles for the pPD41102. 


Delay length can be controlled 
by 


• 
Controlling 
the reset input interval 


• 
Inputting 
the write and read reset signals at different 


times 
(the delay length 
is determined 
by the offset 
between the inputs) 


• 
Controlling 
the WE and RE signals 


Notes: 


(11 V = valid data. 


[2J 1H = the first group of "n" bits. 


(3] 2H :;;;the second group of "n" bits. 


In the first 
method, 
the same signal 
is used for WCK 


and RCK. RSTW and RSTR are controlled 
together. 


Data written 
after a reset signal 
is read after the next 


reset 
interval. 
If the 
reset signal 
is input 
every 
900 


cycles, 
the delay 
length 
is 900 bits. This option 
pro- 


duces a delay length 
determined 
by the reset interval 


to control 
the delay length 
(figure 
16). 


In the second 
method, 
using the write and read reset 


signals, 
data 
written 
from 
address 
0 by the 
RSTW 


signal 
is read out from address 0 when the next RSTR 


signal 
is input. The delay length 
is determined 
by the 


offset between the write reset signal and the next read 
reset signal 
input (figure 
17). 
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In the third method, 
using the WE and RE signals, write 


or read operation 
is disabled 
when WE or RE is high; 


the 
interval 
pointer 
remains 
at the 
address 
where 
operation 
is disabled, 
regardless 
of the status of WCK 


or RCK. The delay 
length 
can be controlled 
in one- 


cycle 
units by controlling 
WE and RE. After the reset 


interval, 
read data is delayed by 910 cycles (1135 cycles 


for the pPD41102) 
from the write data (figure 
18). 


Time Axis Conversion 


You can use the pPD41101 for time axis conversion 
by 


changing 
the write 
clock 
frequency 
(WCK) 
and the 


read clock frequency 
(RCK). One application 
for time 


axis conversion 
involves 
image contraction 
or expan- 


sion in the horizontal 
direction. 
The image contracts 
if 


the read clock frequency 
is higher than the write clock 


frequency, 
and it expands 
if WCK is higher 
than RCK 


(figure 
19). 


Figure 
18. 
Controlling 
Delay Length with WE and RE in the pPD41101 


I, 
-------------------- 


Notes: 


(1) liE = VIL. 
[2] V = .aUd data. 
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Digital Signal Input Synchronization 


When 
performing 
timeshared 
data 
processing 
in an 


electronic 
telephone 
exchanger 
or in a star-configured 


local area network, 
the phase between 
input streams 


may 
be offset 
because 
of differences 
between 
the 


terminal 
and the central 
line exchange 
module. 
The 


pPD41101 
can 
be used 
to correct 
the 
phase 
offset 


(figure 
20). 


Inputs 1 to n are serial data input streams. However, the 
frame 
heads 
(flags 
indicating 
the 
beginning 
of the 


data) of each input stream are not synchronized. 


The solution 
requires 
controlling 
write 
operation 
for 


each stream. When a frame head is detected, 
the write 


address 
is reset to O.A clock extracted 
from each input 


can be used as the clock for that write cycle. When data 
is written 
to all pPD41101 s, the read address is reset to 0 


by inputting 
RSTR with 
appropriate 
timing. 
All data 


streams 
then 
can be read out in the same phase 
by 


reading all pPD41101 s simultaneously, 
even if the input 


streams 
are not synchronized. 


The serial-to-parallel 
and parallel-to-serial 
conversion 


circuits 
shown 
in figure 
20 may be used only 
when 


serial data is handled 
at each input and output. 
II 
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General Application 


The t/PD41101 and t/PD41102 
are suitable 
for use as 
buffer 
storage 
in data 
transfer 
operations 
between 


devices of different 
speeds. Because they use dynamic 


circuits, 
the maximum 
hold time forstorage 
cell data is 


1 ms. To hold data longer than 1 ms, you must rewrite 
it 


to the same address within 
1 ms (figure 
21). 


The 
read 
and 
write 
addresses 
must 
coincide 
when 


rewriting 
data. If the feedback 
data is not delayed 
by a 


multiplexer, 
input the RSTW and RSTR signals 
simul- 


taneously 
so that the output 
data of address 
n is fed 


Notes: 


(1) 
A D·type fIIp·f1op must 
be provided 
when the data Is 
delayed. 


(2) 
RSTW must 
be Input 
at least once while 
Data Hold Is at 


a true (high) logic 
level. 


back 
to the input 
as it is, and then 
written 
again 
to 


address 
n. 


If the feedback 
data is delayed, 
adjust the input timing 


of RSTW and RSTR, depending 
on the delay (number 


of 
cycles) 
of 
the 
feedback 
data. 
RSTR 
must 
be 


advanced 
according 
to the feedback 
data delay. 


In either case, WCK and RCK must bethesame. 
To read 


the data written 
to an address 
after the write cycle for 


that address is complete, 
300 ns + one-half 
write cycle 


is required. 


RSTW 
(Note 2) 


(Note 
1) 
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Introduction 


In the field of computer-aided 
design and manufactur- 


ing 
(CAD/CAM), 
running 
software 
with 
many 
utility 


programs 
results 
in time-consuming 
disk 
accesses. 


Workstations 
operating 
in a local area network 
(LAN) 


also are performance-limited 
by the heavy burden 
on 


magnetic 
disks serving 
multiple 
users. These systems 


receive a performance 
boost when the magnetic 
disk is 


replaced 
with a solid-state 
disk. 


NEC developed 
thepPD42601 
silicon 
file, a 1,048,576 x 


1-bit semiconductor 
disk, precisely 
for such applica- 


tions. The CMOS-fabricated 
pPD42601 operates 
much 


faster 
than 
hard 
disks, 
with 
simplified 
circuitry 
and 


fewer sense amplifiers 
than standard 
DRAMs. Although 


access times from RAS (tRAC)and CAS (tCAel of 600 ns 
and 100 ns, respectively, 
make this device slower than 


standard 
DRAMs such as NEC'spPD421000, 
the use of 


word-width 
system 
architecture 
and 
page-cycle 


accesses 
achieves 
very high 
data transfer 
rates and 


can therefore 
improve 
system efficiency. 


Applications 


Because 
the device's 
high capacity, 
battery-support- 


able nonvolatility, 
and environmental 
hazard resistance 


are expected 
to challenge 
the niche previously 
defined 


by bubble 
devices, the pPD42601 should 
find its major 


market 
in large solid-state 
disk applications. 
However, 
as shown 
in table 1, other 
potential 
markets 
exist. For 


example, 
the pPD42601's 
very low data retention 
cur- 


rent, 
which 
reduces 
heat 
buildup 
and 
simplifies 


thermal 
design, 
means that a cool die operating 
in a 


300-mil 
SOJ offers greater flexibility 
in packaging 
and 


stimulates 
new ideas for 
other 
product 
applications 


(see figure 
1 for 
packaging 
options 
and pin assign- 


ments of the pPD42601). 


Market 


Solid-state disks 


Requirements 


High capacity 
Reliability 
Battery backup 


Light weight 
Low power 
Small size 


Immunity to a 
hazardous environ- 
ment: vapors, dust, 
vibration 


Applications 


High-end engineering 
workstation (100 
Mbytes to 1 Gbyte) 


Personal computers 
Retail point-ot-sale 
terminals 


Process control 
Robotics 


Portable handheld 
products 


DIN 


WE 


RAS 


RFSH 


AO 


A1 


A2 


A3 
vcc 


GND 


DOUT 


CAS 
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".. :. 1S As 
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GND 
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Power and Speed Enhancements 


All 
access 
cycles 
and timing 
specifications 
for 
the 
J.lPD42601 are similar 
to those 
of generic 
DRAMs. 


However, 
the 
J.lPD42601 requires 
only 
25% of 
the 


operating 
power 
and 5% of the standby 
power 
of a 


standard 
DRAM, and therefore 
provides a better silicon 


solution 
for 
the 
aforementioned 
applications. 
The 


silicon 
file has a specified 
access time from RAS (tRAC) 
of 600 ns. A quick page access time from CAS (tcAcl of 
100 ns is also available. 
Heavy system 
use of page 


cycles makes the best choice for two reasons: the first 
is speed enhancement 
over standard 
RAS/CAS cycles 


and 
the 
second 
is disk 
sector 
size, 
which 
closely 
matches the number of bits accessible 
in page cycles. 


In target 
applications 
for the J.lPD42601, low power is 


required. Both operating 
and standby power are impor- 
tant: 
low 
operating 
power 
results 
in cooler 
device 


temperatures 
and 
higher 
reliability, 
while 
standby 


currents 
in the microampere 
range allow 
for battery 


backup and small packaging 
options. 


Self-Refreshing 


The J.lPD42601 has a self-refresh 
feature similar to the 


one found in pseudostatic 
DRAMs. Bringing 
the RFSH 


pin low and clocking 
RAS permits 
the silicon 
file to 


retain data while 
using only 30 J.lA of power. In large 
solid-state 
systems, 
the 
solid-state 
disk 
would 
use 
byte-wide 
or word-wide 
banks of silicon 
file storage, 
with only one bank of devices active at a time, and all 
others 
in a state of self-refreshing. 
In this low-power 


operation, 
total 
power 
consumption 
of the 
system 


would 
be very low, making 
battery 
backup 
possible 


with compact 
batteries. 


During self-refresh 
cycles, a relatively 
slow RAS clock 


can be applied and data integrity 
still be maintained. 
To 


enter this power-down 
quiescent 
state, the user can 


pull RFSH low and start the RAS clock at a slow cycle 
time (tRCF)' Since data loss is caused by leakage, and 
leakage current 
increases with temperature, 
NEC has 


specified 
the tRCFrating at 50°C, 60°C and 70°C. Each 


temperature 
rating has a corresponding 
refresh current 


(directly 
proportional 
to the 
refresh 
rate) 
which 
is 


required to maintain data, with faster rates required 
for 


higher temperatures 
(table 2). 


'ReF (maxi 


20ps 


lOps 


5ps 


Self-Refresh 
Current 
(maxI 


30pA 


60pA 


l20pA 


It is important 
to make 
a distinction 
between 
self- 


refresh cycles and the more familiar 
CAS before RAS 


refresh cycles. When low, the RFSH pin enables self- 
refreshing 
and disables 
most of the internal 
circuits. 


Only those circuits 
required 
for self-refresh 
operation 


are active. 
Because 
of the rate of tRJ<L!equired 
for 


substrate 
bias generation, 
nineteen 
RAS clocks 
are 


used in the J.lPD42601 to refresh one row (figure 2). 


~~~r:t~~ 
_-_n_--I~--~f.. 
.•..,.L,,,.:, 


Notes: 


(1) 
One internal 
address 
is relreshed 
every 19 RAS pulses. 


(2) 
The self-refresh 
mode is intended 
primarily 
for long 
periods 
of refresh-only 
operation. 
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Figure 
3 shows 
a simplified 
block 
diagram 
of the 


pPD42601 during 
self-refresh 
operation. 
The low level 


of RFSH disables 
the ring oscillator 
and initializes 
the 


RAS buffer and 19-bit counter. The external 
RAS clock 


is reduced 
in frequency 
by the 
19-bit 
counter. 
The 


outputs 
of the counter 
and the timing 
generator 
are 


then used to generate 
the slow-speed 
timing, 
decod- 


ing, and sensing 
operations, 
while the substrate 
bias 


generator 
functions 
at a reduced frequency 
to keep the 


substrate 
stabilized 
but minimize 
power consumption. 


Figure 4 shows the transition 
and delay times for 
1001, 


1002, 
1003, and 1005' When RFSH goes low, a 2.5-ms 


delay occurs before the device enters true self-refresh- 
ing. The timing 
shown 
in figure 4 depends 
on internal 


temperature-compensated 
delay 
circuits 
and 
is 


required 
to 
allow 
the 
die 
to 
stabilize 
at 
a 
lower 


temperature. 
During 
this 2.5-ms 
period, 
the standby 


current 
is specified 
as 1003, or 500 pA. 
After 
the die 


cools, the substrate 
bias generator 
operates at a lower 


frequency 
and power consumption 
is composed 
of five 


components: 
the RAS buffer, 
the 19-bit counter, 
the 


decoder, 
the substrate 
bias generator, 
and the sense 


amplifiers. 
All other peripheral 
circuits 
are disabled. 


Figure 4. 
Transition 
and Delay Timing 
in Self-Refresh 
Operation 


1001 -I- 
1002/1003 
-I- 


I- 
T 
-I 


[Note 
2] 


[1] 
Power is reduced 
to standby 
after the 
last ~SHYCle. 


[2] 
Atter 
goes low, the internal delay 


circuit 
determines 
the length 
of T. 


[3] 
The 
substrate 
bias 
generator 
operates 
at 


a lower 
frequency 
to reduce 
the 
current. 
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CAS Before RAS Refreshing 


The pPD42601 does not incorporate 
its own automatic 
refresh 
circuits 
on-chip, 
but requires 
pulsing 
RAS in 
the 
self-refresh 
state 
to 
hold 
data. 
Another 
more 
descriptive 
term for this function 
is "pulse refreshing." 


In most pulse-refreshed 
devices, the method of enter- 
ing 
and 
exiting 
self-refresh 
operation 
is 
crucial; 
however, 
the 1M x 1 silicon 
file 
makes transitioning 
between 
operating 
and 
self-refresh 
modes 
simpler 
than previous-generation 
pseudostatic 
devices. 


In the case shown 
in figure 
5, no CAS before 
RAS 
cycles 
are executed 
during 
a period 
of normal 
write 
and 
read 
cycles. 
Re-entering 
self-refresh 
operation 
after short write/read 
bursts limits the number 
of bits 
that could 
have been accessed 
in the relatively 
short 


time specified 
for tRCF (i.e., the maximum 
cycle time 
for RAS in self-refresh 
operation). 


If system 
timing 
remains 
in 
normal 
write 
or 
read 
operation 
longer than tRCF (max), then refresh logic is 
needed to control 
CAS before 
RAS refreshing. 
Every 
32 ms, 512 refresh cycles are needed to refresh the 512 


row addresses, 
an average 
rate of one every 
62 ps. 


Because 
of the 
reduced 
operating 
current 
and 
the 


resultant 
lower die temperature, 
the refresh period can 


be extended 
to four times the 8-ms value specified 
for 


most 1M x 1 DRAMs. 


In CAS 
before 
RAS cycles, 
addresses 
need 
not 
be 


supplied 
because an internal 
counter 
supplies 
them to 


the decoders. 
Since the clocks 
for both CAS before 


RAS refresh cycles and self-refresh 
cycles 
increment 


the same internal 
address 
counter, 
there are orderly 


and sequential 
transitions 
from self-refreshing 
to CAS 


before 
RAS refreshing 
and 
back 
to self-refreshing. 


Ensuring 
that 
the row addresses 
are refreshed 
in a 


timely 
fashion 
is the function 
of the refresh 
counter, 


which 
is clocked 
by CAS before 
RAS during 
normal 


cycles and at the rate of 1/(19 x tRCF)during self-refresh 
cycles. 
The pPD42601 
runs 
cooler 
than 
other 
self- 


refreshing 
devices 
and 
does 
not 
require 
a burst 
of 


extra CAS before RAS cycles before self-refreshing 
to 


ensure data integrity. 


Notes: 


[1] The value for IReF [minI is specified in AC Characteristics. 
The 
value for tReF [maxI is dependent upon temperature and shown 
in the table below. 


'ReF [maxi 


TA 
pPD42601-L 
pPD42601 
sooe 
20 ps 
5 JJ5 
GOoe 
10 ps 
5 J1s 
lOoe 
Sp$ 
SIJS 


[2J When exiting self-refresh to a period of read and write operation 
which includes CBR refresh cycles, IReF is the delay between 
the last self·refresh 
pulse and the first CBR cycle. When 
entering 
self-refresh 
operation, 
IReF is the delay between the 
last CBR cycle and the first self-refresh 
pulse. 


[3] In this period of normal read/write 
operation, there are no CBR 
refresh cycles or less than 512 RAS-only 
refresh cycles. 


[4] The time delay between the last self-refresh 
pulse in one self- 


refresh cycle, and the first self-refresh 
pulse in the next cycle, is 


defined by tReF [max] when the intervening period of read and 
write operation meets the conditions 
in Note 3. 


[5] The 
built-in 
counter 
generates 
the 
refresh 
address 
in self- 


refresh and CBR refresh cycles. Since this address increments 
sequentially 
from the last cycle in either self-refresh 
or CBR 


operation 
to the first cycle in the alternate 
refresh mode, CBR 


refreshing 
should 
be 
used 
during 
normal 
read 
and 
write 


operation to refresh one address location every 62/1s or less. If 
some other means of refreshing 
is used, it is necessary to do a 


burst refresh of all storage cells just before changing to and just 
after exiting self-refresh 
operation. 
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As discussed 
earlier, 
a lower die temperature 
permits 


both 
a relaxed 
refresh 
rate and simplified 
transition 


timing 
between self-refresh 
and normal write and read 


cycles. The die temperature 
is a function 
of the ambient 


temperature, 
operating 
power, 
and 
the junction-to- 


ambient 
thermal 
resistance 
(8JA). The 
calculations 


showing 
the increase of junction 
temperature 
(TJ) over 


ambient 
temperature 
(TA) at maximum 
power 
con- 


sumption 
(PD max) are shown 
in the sequence 
below. 


(1) TJ = (8JA x PD) + TA 


(2) TJ = [95°C/W 
x (5.5 V x 12 mAl] + 55°C 


(3) TJ = 61.27°C 


In a solid-state 
disk system where the air temperature 


stabilizes 
at 55°C, 
the silicon 
file 
chip 
temperature 


would 
not exceed 
61.27°C, 
comparing 
favorably 
with 


the die temperature 
of 81°C 
or more for a standard 


DRAM encapsulated 
in a plastic 
SOJ and operating 
in 


similar 
conditions. 


Figure 6 shows the maximum 
specification 
fortRcF, the 


critical 
parameter 
when 
transitioning 
between 
CAS 


before RAS and self-refresh 
cycles. When exiting 
self- 


refresh operation, 
tRCF (max) is measured 
between the 


falling 
edges of RAS, from the last self-refresh 
cycle to 


the first CAS before RAS refresh cycle. After transition- 
ing from self-refresh 
operation 
to a period 
of normal 


write or read cycles, 
writing 
and reading 
can proceed 


for only 5 J1.S (at 70°C) before a CAS before RAS refresh 
cycle 
is required. 
When transitioning 
from 
write 
and 


read operation 
to self-refresh 
operation, 
the process 
is 


simply 
reversed, 
with tRCF (max) referenced 
between 


the last CAS before 
RAS refresh 
cycle 
and the first 


self-refresh 
cycle. 


RAS-only 
refreshing 
does 
not increment 
the refresh 


counter, 
complicating 
the procedure 
for moving 
be- 


tween 
refresh 
modes. 
In refresh 
methods 
other 
than 


CAS 
before 
RAS, 
a burst 
of 
512 refresh 
cycles 
is 


required 
before 
entering 
and also after 
exiting 
self- 


refresh 
operation. 
Complete 
refreshing 
of all rows is 


needed since, in refresh modes other than CAS before 
RAS, the status of the refresh counter 
is unknown 
and 


the maximum 
specification 
for tRCF may be exceeded. 


When 
the 
self-refresh 
capability 
is used, 
then 
CAS 


before RAS refreshing 
is recommended. 
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Soft Error Performance 


Like the 1M x 1 DRAM, the J1.PD42601uses the trench 
cell for a small die size and excellent 
immunity 
to alpha 


particles. 
Accelerated 
soft error 
results 
are less than 


1000 FITs (Failures 
In Time, 
or errors 
in 109 device- 


hours) 
. With low manufacturing 
cost as an objective, 


the device includes 
no error correction 
circuit 
(ECC), 


parity, 
or 
data 
checking 
functions 
on-chip. 
Most 


customers 
prefer to implement 
these functions 
off-chip. 


Last 
Self· Refresh 
Pulse 


First 
Self·Refresh 


Pulse 


Notes: 


[1] The value for tReF [minI is specified in AC Characteristics. 
The 


value for tReF [Max] is dependent upon temperature and shown 
in the table below. 


IReF Imax] 


TA 
IIPD42601·L 
IIPD42601 
sooe 
20 fJS 
5 JJs 
60°C 
10 liS 
5 liS 
70°C 
Sps 
Sps 


[2} When exiting self-refresh to a period of read and write operation 


which includes CBR refresh cycles, tReF is the delay between 
the last self-refresh 
pulse and the first CBR cycle. 
When 


entering 
self-refresh 
operation, 
tReF is the delay between the 
last CBR cycle and the first self4refresh 
pulse. 


[3] The 
built-in 
counter 
generates 
the refresh 
address 
in self- 


refresh and CBR refresh cycles. Since this address increments 
sequentially 
from the last cycle in either self-refresh 
or CBR 
operation 
to the first cycle in the alternate 
refresh mode, CBR 
refreshing 
should 
be 
used 
during 
normal 
read 
and 
write 


operation to refresh one address location every 62IJs or less. If 
some other means of refreshing is used, it is necessary to do a 
burst refresh of all storage cells just before changing to and just 
after exiting self-refresh operation. 
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Silicon File-Based Solid-State 
Disk System 


To assist 
our 
customers 
in 
the 
design-in 
of 
the 


I1PD42601, NEC undertook 
a 20-Mbyte 
solid-state 
disk 


hardware 
project, 
a block diagram 
of which appears in 


figure 
7 and a photograph 
in figure 
8 (the hardware 


enclosure 
was designed 
for expansion 
to 40 Mbytes). 


Contained 
within 
the same package 
form factor 
as a 


5.25-inch 
Winchester, 
the 
solid-state 
disk 
system 


includes 
batteries, 
a power supply, and the necessary 


power fail logic to provide complete 
nonvolatility 
for up 


to one month. 
The error 
correction 
device 
is a gate 


array 
developed 
at 
NEC 
and 
is 
not 
commercially 


available. 
A specification 
summary 
of this application 


project 
is shown in table 3. 


Parameter 


Capacity 


Interface 


Data transfer rate 


Access time 


Error correction 


Sector size 


Power supply 


Package size 


Battery voltage 


Battery backup 


Operating temperature 


Specification 


20 Mbytes 


SCSI (host) 


1.5 Mbytes/sec (max) 


01 ms (max) 


1-bit correction and 2-bit detection 


256 or 512bytes 


5 volts, 2 amps 


5.25-inch disk 


4.8 voits 


One month 


5 to 50·C 


Description of the Block Diagram 


For the purpose 
of explanation, 
the block diagram 
in 


figure 
7 and 
the 
following 
system 
description 
are 
detailed 
according 
to the format 
shown in table 4. 


Major FunctionalBlocks 


Power source/switch 


Silicon file and ECC 


Timing generator circuits 


Data/address control 


Major Components 


Battery, power control circuits 


jiPD42601LA, ECCgate array 


RAS, CAS, WE logic 


V40'·, WD33C93'·, RAM, ROM 


Power Supply and Power Fail Circuits 


The upper left corner 
of the block diagram 
consists 
of 
the battery, power switch, 
voltage detector, 
and power 


fail circuits. 
Included 
in the power 
switch 
is a 5-volt 


V40 is a trademark of NEC Corporation. 
WD33C93 is a trademark of Western Digital. 


switching 
regulator 
and the power conversion 
circuits. 


When 
the detector 
senses 
the falling 
power 
supply 


voltage, 
the power switch 
supplies 
the battery voltage 


to the components 
shown 
within 
the shaded 
block 


(battery 
backup). 
At the same time, the power fail logic 


sends a nonmaskable 
interrupt 
(NMI) to the V40, which 


initiates 
an internal 
subroutine 
and places the micro- 


processor 
in the low-current 
HALT mode. 


When system 
power 
is restored, 
the rising 
voltage 
is 


detected. 
After a delay, the power switch 
disconnects 


the 
battery 
source 
and 
allows 
the 
5-volt 
supply 
to 


power the system. 
Once the V40 receives the second 


NMI and resets the processor, 
RFSH goes inactive and 


normal timing 
resumes. 


To ensure 
nonvolatility 
and reduced 
battery 
current 


drain, 
the silicon 
file devices 
must be placed 
in self- 


refresh operation 
when system power fails. In figure 7, 


the power fail logic 
has two outputs: 
one called 
self- 


refresh, which pulls RFSH low on all the storage chips, 
and a second 
output 
connected 
to the control 
pins of 


the V40 and the timing 
generator 
block. This output 
is 


actually 
two lines: one forthe 
V40 NMI input initializing 


HALT mode and the second 
for initializing 
the timing 


generator 
circuits. 
When this output 
signal 
is active, 


the power fail logic switches 
the timing 
for RAS from 


normal 
read/write/refresh 
timing 
to the 
self-refresh 


oscillator. 
For this 
application, 
the 
self-refresh 
fre- 


quency is set at 50 kHz because this system is specified 
to operate at 50°C (maximum). 


Storage Organization 
with ECC 


The solid-state 
disk is organized 
as five banks of 39 


devices, a 32-bit internal 
data word and an additional 
7 


bits for the ECC check bits. The ECC device is capable 
of 2-bit detection 
and 1-bit correction. 


A 32-bit 
data bus is acceptable 
for the ECC chip, but 


the V40 and the SCSI 
interface 
controller 
require 
a 


byte-wide 
bus. The lower right corner of figure 7 shows 


a four-section 
register 
to accomplish 
this 32- to 8-bit 


conversion. 
This 
register 
is composed 
of eight 
octal 


bus transceivers 
with eight enable 
lines generated 
in 


the timing 
generator 
block. Four of these transceivers 


are 
used 
for 
the 
input 
side 
and 
four 
are 
used 
for 


the 
output 
side. 
The 
four 
octal 
bus 
transceivers 


(4 x 8 bits) 
comprise 
the 32-bit-wide 
data bus. The 


enable 
signals 
select 
one 
of 
the 
four 
transceivers 


receiving 
and sending 
each byte to or from 
the 8-bit 


data bus. 
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Timing Generation 
and Decoding 


The timing 
generator 
block 
consists 
of a delay 
line, 


several PALs®, and glue logic. Its purpose is to control 
write and read operation 
and CAS before RAS timing. 


One of the PALs is used for decoding 
the eight enable 
signals 
used 
in the 
32- 
to 
8-bit 
multiplexing 
and 
demultiplexing 
operation 
discussed 
in the preceding 
section. 
Selecting 
one of five of the storage 
banks is 


accomplished 
by decoding 
RAS, CAS and WE. This 
function, 
together 
with the selection 
of the self-refresh 
oscillator, 
is contained 
in the logic blocks shown to the 
left of the storage 
array. The self-refresh 
oscillator 
is 


contained 
in the power fail logic block. 


Data Transfer Control [V40 and SCSI Controller] 


In this system, the SCSI controller 
is the target and the 
host computer 
connected 
to the SCSI controller 
is the 
initiator. 
Although 
a solid-state 
device is not a disk in 


that it has no cylinders, 
heads, or sectors, the V40 has 


been designed 
to handle all the control, 
data transfer, 
and address 
translation 
functions. 
Used as a micro- 
controller, 
the V40 makes the silicon 
disk 
look 
like 


a magnetic 
disk to the WD33C93. 


Read Operation 


Upon 
receiving 
the input/output 
command 
from 
the 


host system, the host adapter arbitrates 
and wins bus 


control. 
The target, the SCSI controller 
in this case, is 


selected and receives the read instruction 
and starting 


address 
from 
the 
host 
adapter. 
This 
information 
is 


stored as part of the command 
data block in the SCSI 


controller's 
internal 
register. 
At this 
point, 
the 
host 


disconnects. 
The V40 first 
recognizes 
the read com- 


mand and the address and then sets the proper bits in 
the WD33C93 address register. UnderV40 contrOl, data 
is accessed 
from 
the correct 
logical 
address 
in the 


silicon 
file and moved to the JiPD43256A buffer RAM. 


Once the silicon 
file has started 
filling 
the RAM, the 


SCSI adapter 
can reconnect 
to the host. During 
this 


phase, the target arbitrates 
for the bus and wins control 


of it. The 
host is selected 
and the target 
sends 
the 


message that it is reconnecting. 
Under control 
of the 


V40, data is moved from the RAM to the SCSI controller 
and is received 
by the host adapter 
completing 
the 


operation. 
With this fast semiconductor 
disk, the data 


transfer 
rate depends more on arbitration 
time than on 


device access time. 
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pPD41101/pPD411021 
pPD42505 


HIGH-SPEED 
LINE BUFFERS 


The 
need for storage 
devices 
to provide 
delay 
and 


speed conversion 
in a variety 
of computer, 
telecom- 


munication, 
and 
consumer 
applications 
has led to 


NEC's 
development 
of several 
new high-speed 
line 


buffers. 
The synchronous 
or asynchronous 
operation 


of these 
devices 
allows 
them 
to be used as elastic 


storage 
to synchronize 
data flow 
between 
two asyn- 


chronous 
parts of a system, e.g., between communica- 


tion and microcomputer 
chips. 


In graphics 
systems, 
line storage 
devices 
can act as 


high-speed 
source 
and destination 
registers 
during 


raster operations. 
In television 
and VCR products, 
the 


1K x 8 buffers provide 
the raster line storage required 


for luminance 
and chrominance 
separation 
and non- 


interlaced 
scan conversion. 
The larger 5K x 8 devices 


are perfectly 
suited for facsimile 
and printer 
applica- 


tions because they can store a line of information 
or a 


page of text at high speed. 


This 
application 
note 
describes 
NEC's 
JlPD41101, 


JlPD41102 and JlPD42505, three functionally 
equivalent 


buffers 
with 
different 
capacities 
and 
speeds. 
Each 


device 
has independent, 
1-byte write 
and read ports 


with separate write and read clocks. 
High-speed 
per- 


formance 
is achieved 
by means of unique 
circuitry 


rather 
than a submicron 
process. 
Fast access times 


~EC 


and 
low 
cost 
are 
possible 
because 
of 
specialized 
dynamic 
circuit 
designs 
using the best of MOS tech- 
nology 
(figures 
1 and 2). 


Features 


The pPD41101, pPD41102, and pPD42505 
are identical 
except 
in organization 
and cycle times 
(table 
1). The 


following 
discussion 
applies 
to 
the 
three 
devices 
collectively, 
unless noted otherwise. 


Serial Addressing. 
Addresses 
are generated 
automat- 
ically 
by an internal 
address 
counter 
and need not be 
supplied 
externally. 
The clocks 
provided 
by the WCK 
and RCK signals 
increment 
the respective 
write 
and 


read address counters, 
enabling 
data to be read out in 
the order 
in which 
it was input. 


Wraparound 
Addresses. 
The internal address pointers 
are 
implemented 
as 
ring 
counters; 
they 
return 
to 
addressO after the last byte in a line has been accessed. 


Asynchronous 
Operation. 
Separate 
write 
and 
read 
clocks, 
coupled 
with 
their 
respective 
enable 
inputs, 


allow for independent 
write and read operation. 


Reset Function. 
The RSTW and RSTR pins reset the 


internal 
pointers 
to address 
O. Resetting 
of the read 
pointer 
can be initiated 
after un" write cycles to provide 
an adjustable 
delay line of "n" cycles. 


High-Speed 
Address 
Selection. 
By 
interleaving 
the 
internal 
storage 
arrays 
and using 
a novel 
pipelining 
technique 
for high-speed 
address selection, 
the devices 
achieve 
very fast access 
times. 
The pPD41102-3, 
for 
example, 
has a specified 
minimum 
cycle time of 28 ns. 


Large Capacity. 
All devices are 1-byte wide. Their line 
lengths 
vary as shown in table 1. ThepPD42505 
is con- 
figured 
as 5048 by 8 bits to store a page of information. 


Table 1. 
Configurations 
and Cycle Times 


Part Number 
Organization 


IIPD41101 
910 x 8 bits 


IIPD41102 
1135 x 8 bits 


IIPD42505 
5048 x 8 bits 


Cycle Times 


34 or 69 ns 


28, 34, or 56 ns 


50 or 75 os 


Functional Description 


Historically, 
line 
buffers 
were 
designed 
with 
shift 


registers 
that suffered 
from fall-through 
delay as data 


tumbled 
down the stack. With NEC's new generation 
of 


buffers, 
which 
provide 
independent 
write 
and 
read 


clocks for asynchronous 
writing 
and reading, the write 


data requires 
a delay of at least 10 or 11 cycles 
before 


appearing 
at the 
output. 
The 
minimum 
line 
delay 


(specified 
in the individual 
data sheets for each device) 


is not 
a problem 
in most 
applications 
because 
the 


required 
delay 
is usually 
longer 
than 
the 
specified 


minimum 
delay. 


In synchronous 
operation, 
where write and read cycles 


are controlled 
together 
(and write and read addresses 


coincide), 
the internal 
logic causes a write cycle to be 


delayed 
by one-half 
cycle 
from 
the read cycle. 
Read 


data is output 
from the previous 
line, while 
new input 


data is written 
just one-half 
cycle 
later. 


Storage Arrays 


Unlike other devices based solely on static cells, NEC's 
line buffers have two types of storage elements: 
a static 


cell for high-speed 
operation 
and a dynamic 
cell for 


achieving 
large capacity 
in a small die area. To operate 


at high speed, the fast static cell is used as a prefetch 
buffer. While the first 8 bytes of data are being accessed 
from the static cell, the first row of the dynamic 
cell is 


preselected 
for subsequent 
access (see Addressing). 


NEe 


The 
static 
storage 
cell 
has separate 
word 
lines 
for 


write and read cycles (RWand WW), as well as differen- 
tial data inputs 
(RD/RD 
and WD/WD) 
for high-speed 


operation 
(figure 3). The three-transistor, 
one-capacitor 


dynamic 
storage cell contains 
separate write and read 


data and word lines, two access transistors, 
and a third 


transistor 
for cell signal 
pre-amplification 
(figure 
4). 
Pre-amplification 
is required 
since there are only eight 


data amplifiers, 
one each for the eight 
input/output 
ports. 


Unlike 
the static 
cell, the dynamic 
cell uses only one 


write and read data line and cannot 
take advantage 
of 


differential 
sensing. 
Although 
the speed is slower, 
its 


fewer 
components 
make 
this 
cell 
more 
suitable 
for 


compact 
layout and high device integration. 
The suc- 


cess of these high-speed 
buffers lies in the matching 
of 


the static 
and dynamic 
cells 
to achieve 
high 
perfor- 


mance at a low cost (figure 
5). 


Addressing 


On a cold start, initial writing 
and reading to the device 


requires 
fast access times from the six-transistor 
static 


cell. While the first eight bytes are being accessed from 
the 
static 
cell, 
the 
first 
row 
of the 
dynamic 
cell 
is 


preselected. 
To achieve relatively 
fast dynamic 
access, 


the 
dynamic 
array 
is split 
into 
two 
segments 
and 


storage 
interleaving 
is employed. 


From a functional 
point of view, the line buffer is a long, 


eight-bit-wide 
shift register. 
Its layout 
is compacted 
to 


produce 
a small die size. The chip has two arrays, each 


representing 
one-half 
of the line length. Forthe 
1135 x 8 


device, 
each 
subarray 
is organized 
as 
568 
bytes 


(71 x 8 bytes). 


The serial addresses are generated 
automatically 
using 


column 
and 
row 
selectors 
for 
both 
write 
and 
read 


operation. 
The following 
steps summarize 
the inter- 


leaving sequence. 


• 
In a reset cycle, 
data is read from the 8-byte 
static 


cell, and the first row of subarray 
2 is preselected. 


• 
Row 1 of dynamic 
subarray 
2 is accessed, 
and the 


address pointer moves to subarray 
1for preselection. 


• 
Row 1 of subarray 
1 is read, and row 2 of subarray 
2 is 


preselected. 


• 
Interleaving 
continues 
between 
the subarrays 
until 


the 
last 
address 
is accessed, 
at which 
time 
the 
internal 
pointer 
automatically 
resets to address O. 


The address 
pointers 
are shift 
registers 
wired 
as ring 


counters 
and 
clocked 
in a wraparound 
fashion 
to 


control 
writing 
and reading of data at specific 
locations. 


The shift registers 
are incremented 
by one address for 


each 
WCK 
or RCK clock. 
Separate 
write 
and 
read 


address pointers 
are required to execute write and read 


cycles 
independently 
and at different 
speeds. 
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Write and Read Timing 


The jJPD41101, jJPD41102, and jJPD42505 are equipped 
with the following 
pins: DINOthrough 
DIN?, RSTW, WE, 


and 
WCK 
for 
write 
operation 
and 
DOUTO through 
DoUT7' RSTR, RE, and RCK for read operation 
(figures 


6 and 7). Serial addresses 
are automatically 
generated 
by an internal 
address 
counter. 
When WE is low, one 


byte is written 
to each address in synchronization 
with 


the WCK write clock 
(refer to the individual 
data sheets 


for timing 
diagrams); 
the internal 
write address pointer 


increments 
by 1 with each falling 
edge of WCK. Write 
data must meet the specified 
setup and hold times as 


measured 
from the rising edge of WCK. 


Figure 6. 
Configuration 
of 24-Pin 
Plastic DIP (and 
Miniflat 
for jJPD41101, jJPD41102 only) 
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Configuration 
of 28-Pin 
Plastic ZIP 
(jJPD42505 
only) 
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The signal 
on RSTW, which 
is used to reset the write 


address 
pointer 
to 0, also has setup and hold require- 
ments with respect to the write clock. 


When the signal on the read enable (RE) pin is low, one 
byte of data is read out of the device for each RCK clock 
cycle, 
and the read address 
pointer 
increments 
by 1. 


The read address 
pointer 
is totally 
independent 
of the 


write address 
pointer. 


The 
control 
functions 
of WE and 
RE are shown 
in 


figure 
8. Bringing 
these 
two 
signals 
high 
(inactive) 


stops 
the internal 
address 
pointers; 
activating 
them 


again causes the internal 
pointers 
to increment 
to the 


next sequential 
address. 
II 


Synchronous 
Operation 


Figure 8shows the internal timing sequences, 
including 


those for address 
transitions 
and write cycles, 
during 


synchronous 
operation 
of these devices. With a com- 


mon write and read clock, 
the internal 
write 
period 
is 


delayed 
from 
the write 
address. 
This delay, 
required 


when the write and read addresses are identical, 
allows 


a read cycle and then a write cycle to be executed 
to the 


same cell 
location. 
Read data is taken 
from 
the pre- 


viously 
written 
line. 


Designing with NEe's Line Buffers 


Initialization 


After 
power 
has 
been 
applied, 
the 
write 
and 
read 


address 
pointers 
are undefined 
and therefore 
need to 


be set to address O. Proper timing 
for a RSTR or RSTW 


reset cycle is described 
in the individual 
data sheet for 


each device. 


Refreshing 


Refreshing 
of 
the 
dynamic 
storage 
cells 
must 
be 


performed 
at regular 
intervals. 
Data remains 
valid for 


1 or 5 ms, depending 
on the line length 
of the device 


(1 ms for the jJPD41101 or jJPD41102 and 5 ms for the 
jJPD42505). Since NEC's line buffers contain 
only data 


amplifiers 
and 
no sense 
amplifiers, 
a standard 
read 


cycle does not refresh 
the storage 
cell. If longer 
hold 


times are required, 
the original 
data must be rewritten 


to the same address. 
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Minimum 
Delay Length 


Unlike 
register-based 
line buffers, 
which 
use a data 


flow-through 
cycle, 
NEe's 
line storage 
elements 
are 


not capable 
of reading 
data immediately 
after it has 


been written. 
Each device requires a minimum 
delay, as 


calculated 
by the equations 
shown in table 2. 


Part Number 


t/PD41101 


Equation 


1/2 write cycle + 300 os 
(34 os/2 + 300 05)/34 = 9.3 or 10cycles 


1/2 write cycle + 300 ns 
(28 os/2 + 300 05)/28 = 11.2or 12 cycles 


1/2 write cycle + 500 os 
(50 os/2 + 500 05)/50 = 10.5or 11cycles 


Delay length, as measured 
by the number of cycles, is 


dependent 
on the speed of the clock, 
i.e., at 14.3 MHz, 
the minimum 
delay forthepPD41101 
would be 5 cycles. 


Storage Contention 


In asynchronous 
operation, 
when write and read cycles 


contend 
for the same line, the last "n" bytes (where "n" 
may be 5-12 bytes) of line output 
are taken from the 


previous 
line. This type of contention 
occurs most fre- 


quently 
when 
executing 
continuous 
write 
and 
read 


cycles at different 
rates, such as when converting 
video 


images from 
interlaced 
to non interlaced 
scanning. 
In 


this case, the read clock operates at twice the speed of 
the write clock. Near the end of the line, the read cycle 
catches 
up and contends 
with the write cycle. 


Setting Delay Length 


Varying the Reset Interval 
in Synchronous 
Operation. 


Depending 
on 
the 
application, 
some 
schemes 
for 


implementing 
delay 
length 
suit system 
timing 
better 


than 
others 
(see individual 
data sheets 
for 
timing). 


In synchronous 
operation, 
the 
delay 
is set simply 


by 
varying 
the 
interval 
between 
the 
reset 
pulses. 


In this case, the reset clocks 
are tied together. 
Since 


write and read clocks are common, 
line delay is deter- 


mined by the offset between resets. 


Varying the Reset Interval in Asynchronous 
Operation. 


In asynchronous 
operation, 
the reset interval 
can be 


varied 
using 
independent 
clocks 
and 
reset signals. 


Delay 
length 
is calculated 
as the timing 
difference 


between the write and read reset pulses. 


Controlling 
the RE Pin. 
In the third 
option, 
the read 


enable pin (RE) can be used to control 
read operation 


and 
the 
read 
address 
counter. 
When 
RE 
is 
high 


(disabled). 
the read address 
counter 
does not incre- 


ment and no data is output. 
After the desired delay, RE 
can be brought 
low to begin executing 
read cycles. For 


delays exceeding 
one line length, 
care must be taken 


to ensure that new data is not written 
into an address 


before the old data is read. 
II 


j1PD42505 Large-Capacity Line Buffer 


The pPD42505 was designed 
for applications 
where a 


large amount 
of data is handled per line, e.g., in high- 


performance 
digital 
copiers 
and G3 or G4 facsimile 


machines 
requiring 
buffer storage for image compres- 


sion, expansion, 
data transmission, 
and in some cases, 


image 
enhancement 
using 
filtering 
techniques 
for 


digital 
signal 
processing. 
The 5K x 8 line length 
has 


also been used in some designs to hold the data tokens 
in digital 
filtering 
arrays. 


Although 
line 
buffering 
can be achieved 
using 
fast 


static 
RAMs as shown 
in figure 
9, the need for two 


devices 
and 
other 
complicated 
peripheral 
circuits 


necessarily 
increases the cost of a system and makes it 


more difficult 
to implement. 
The pPD42505 eliminates 


the complexity 
and high cost by providing 
the same 


functions 
and more advantages 
in one package. 
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Notes: 


[1] In this application, 
the line buffer matches 
the speed between 
the local area 
network and the communication 
chip. 
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Notes: 


[1] In this application, 
a large·capacity 
line buffer 
is used to hold token data for 
digital 
signal 
processing. 
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Video 
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Notes: 


[1] 
In high-definition 
TV applications, 
the line buffer 
Is used to double the scan 
rate by reading 
at twice the write frequency. 
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INTERLACED 
TO NON INTERLACED 


VIDEO SCANNING 
USING THE 


/1PD41101 
HIGH-SPEED 
LINE BUFFER 


Interlaced 
scanning 
is used in television, 
videotape, 
and 
videocassette 
recording 
applications 
to reduce 


bandwidth 
and 
maintain 
an acceptable 
amount 
of 


screen flicker 
in video signals. The procedure 
involves 


lowering 
the 
vertical 
resolution 
and 
doubling 
the 


number of fields so that one complete 
frame is formed 


from the first and second 
fields. When a video signal 


subsequently 
is decoded 
and ready for display 
on a 


monitor 
or 
TV, bandwidth 
generally 
is 
no 
longer 


a 
problem 
and 
the 
higher 
vertical 
resolution 
of 


a noninterlaced 
signal 
may 
be used 
to 
produce 
a 


sharper image on the screen. 


In NTSC TV systems, 
there are 262.5 scan lines per 


field, 
2 fields 
per frame, 
and 30 frames 
per second 


(figure 
1). With the resolution 
per field in the vertical 


direction 
lowered 
by interlaced 
scanning, 
the 
lines 


become 
rougher 
and the gap between scanned 
lines 


more 
visible. 
This 
drawback 
becomes 
all the 
more 


conspicuous 
in larger-screen 
TVs. 


Vertical 
resolution 
problems 
caused 
by 
interlaced 


scanning 
can be resolved by first repeating 
the signal 


of each scan line. The number 
of scan lines per field 


then 
can 
be 
doubled 
by 
doubling 
the 
horizontal 


frequency 
and keeping 
the vertical 
frequency 
intact. 


Subsequently, 
an interlaced 
signal can be converted 
to 


a non interlaced 
signal to increase the resolution 
of the 


picture 
in the vertical direction 
(figure 2). 


The conversion 
from interlaced 
to noninterlaced 
scan- 


ning 
can 
be achieved 
by temporarily 
storing 
each 
line in a buffer and then displaying 
it twice to double 


the number of lines per field (figure 3). 
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VIDEO 
SCAN CONVERSION 


The pPD41101 High-Speed 
Line Buffer 


The type of scan conversion 
described 
in this applica- 


tion note requires buffer storage for each line. Required 
storage 
is calculated 
by dividing 
the scanning 
period 


per 
line 
by 
the 
sampling 
period 
to 
determine 
the 


number 
of 
samples 
per 
line. 
Required 
storage 
for 


NTSC systems 
is computed 
as shown in the following 


sequence. 


(1) Scanning 
period 
per line: 
1 
-------- 
= 63.5 jlS 


(525 lines x 30 frames) 


frame 
second 


(2) Minimum 
sampling 
frequency: 
3.58 MHz x 4 = 14.32 MHz = 69.83 ns 


(3) Samples 
per line: 


63.5 jls/69.8 
ns = 909.7 samples 


This 
application 
requires 
the storing 
of 910 words, 
exactly 
one horizontal 
scanning 
line of data. 
NEC's 


jlPD41101 
high-speed 
line 
buffer, 
configured 
as 910 


words by 8 bits, is ideally suited for the digital 
process- 


ing of video signals 
because one-line 
delays and time 


axis conversions 
can be executed 
easily. 


The 
jlPD41101 
differs 
from 
general-purpose 
static 


devices 
in 
that 
it 
doesn't 
require 
a double-buffer 


configuration 
(figure 
4). Writing 
and reading 
can be 


executed 
independently 
and asynchronously. 
Since an 


internal 
address pointer 
eliminates 
the need for exter- 


nal 
address 
generation, 
the 
only 
external 
controls 


required are those forthe 
WCK and RCK write and read 


clocks 
and the RSTW and RSTR write and read reset 


signals 
(see figure 5 for pin assignments). 
As shown in 


table 1, three versions 
of the jlPD41101 are available. 


Table 1. 
Access and Cycle Times of the jlPD41101 


Access Time 
Write Cycle 
ReadCycle 


(max) 
Time (min] 
Time (min) 


27 ns 
34 ns 
34 ns II 


pPD41101-3 


pPD41101-2 


pPD41101-1 


69 ns 


69 ns 


34 ns 


69 ns 


27 ns 


49 ns 
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Operation 


Write and Read Reset Cycles. 
After power is applied to 


the JlPD41101, 
its internal 
address 
pointers 
are unde- 


fined and must be initialized 
to address O.As shown in 
-- 
-- 
figure 
6, the inputs on RSTW and RSTR have required 
setup 
and 
hold 
times 
as measured 
from 
the 
rising 
edges of WCK and RCK, respectively. 


Write Cycles. 
Write cycles are executed 
in synchroni- 


zation with the WCK clock 
(figure 
7). When WE is low, 


a bits of data are sampled 
from 
D1NO-DIN? at the rising 
edge of WCK and the internal 
write pointer 
increments 


to 
the 
next 
sequential 
address. 
When 
the 
pointer 


reaches the last address, 
it wraps around 
to address 0 
again. 
When 
high, 
WE disables 
write 
operation 
and 
inhibits 
the 
write 
address 
pointer. 
Write 
data 
must 


satisfy required 
setup and hold times as specified 
from 
the rising edge of WCK. 


Read Cycles. 
When RE is low, read cycles are executed 


in synchronization 
with the RCK clock (figure 7). Read 


data 
is output 
from 
DOUTO-DoUT7 
after 
a specified 


access time as measured 
from the rising edge of RCK. 


The internal 
read pointer 
functions 
identically 
to the 


write pointer, except that the read address increments 
sequentially 
with each RCK clock. 


Example of System Configuration 


The 
block 
diagram 
in figure 
a shows 
a hardware 


system 
designed 
to convert 
a standard 
NTSC 
inter- 


laced 
video 
signal 
to a noninterlaced 
signal. 
In this 


configuration, 
described 
on the following 
pages, the 


input 
signals 
derive either 
from 
an NTSC composite 


signal 
(video input). 
from a TVIVTRIVCR, 
or from the 


R-G-B signal output 
of a personal 
computer. 


Note: 
111 WE = RE = V'L. 


[21 
V = Valid 
Data. 


[3J 
Read operations 
commence 
from the rising edge of RCK at the beginning 
of a cycle. 
For the 


firslcycle 
in a group 
or reset cycles, the read access lime Is defined 
as IACR.ln 
all other 
cycles, 


lAC delines 
the read access 
time. 


[4) 
H = 910 cycles. 


I5J 
Write data Is .trobed 
into the device on the rising edge of WCK allhe 
end 01 a cycle. 
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WCK 


'RS 


RSfW 


RSTR 


DIN 


RCK 


DOUT 


fiE 


Note: 


[1] 
WE= 
Vie. 


[2) 
v = Valid 
Data. 


{3] 
For compatibility 
with NTSC standards 
the WCK frequency 
is approximately 
14.3 MHz. RCK 
cycles 
at twice 
this frequency, 
28.6 MHz. 
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Video Signal Processor 


The video signal is decoded 
from the R-G-B inputs by 


NEC's 
jlPC1401, 
a device 
specifically 
designed 
to 


process 
the color, 
video, 
and synchronizing 
signals 


used in NTSC color TV systems 
(figures 
9 and 10). By 


separating 
the signals, thejlPC1401 
can independently 


control 
them 
and 
thereby 
reduce 
the 
number 
of 


peripheral 
devices usually 
required 
in this phase. 


Video Signal Processor 
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Processor 


"COLOR SATURATION" 
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R-G-B Signal Processor 


The level of the R-G-B output signals from the personal 
computer 
are adjusted 
by a pPC1387 
(figures 
11 and 
12). An interface 
between the digital 
R-G-B signals and 
the 
TV 
color 
signal 
output, 
the pPC1387 
provides 
high-speed 
switching 
by means 
of a built-in 
R-G-B 
signal converter 
and sophisticated 
circuitry 
that blanks 
the signal 
levels. The horizontal 
(H) and vertical 
(V) 
synchronizing 
signals from the personal 
computer 
are 
combined 
into 
a 
composite 
synchronizing 
signal. 


When the selector switches to the R-G-B input position, 
the composite 
signal is applied 
to thepPC1401 
in place 
of a TV signal. 


Output 
2 


Output 
1 


Level Control 1 


Level Control 2 
Changing 
Threshold 
Level 
NC 


GND 


TTL Input 
LevelJ 


Blanking 
r 
Input 


Blanking 
Input 
LevelJ 
(Note 1) 


Notes: 


[1J GND: 
VIH = 1.0 V and VIL = 0 V. 


[2J VCC = TTL level. 


Output 
3 


Power Supply 


BLK Output 


BLK Input 


Input 3 


Input 2 


Input 
1 
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Analog-to-Digital 
Converter 


The 
input 
selector 
chooses 
one 
of the 
two 
R-G-B 


signals from the pPC1401 and pPC1387 and passes it to 
the 
pPD6950, 
where 
it first 
is sampled 
at a clock 


frequency 
equal to 4fsc (14.3 MHz) and then written 
to 


the 
pPD41101 
line 
buffer. 
The 
CMOS-fabricated 


pPD6950 is an analog-to-digital 
(A/D) converter 
whose 


high speed and low power consumption 
are particularly 


suited to video applications 
(figures 
13 and 14). 


DB. 


DB3 


DB2 


DB1 [MSB) 


OVER 


D. VDD 


A. VDD 


RT 


D.GND 
ClK 


D. VDD 
A. Voo 


DBS 


DBa 


DB1 


DBa [lSB] 


D. GND 


A.GND 


RB 
NC 


VrN 


NC 


A.GND 


A. GND 
II 


Line Buffer 


This configuration 
uses a tot?' 
of three pPD41101 line 


buffers, 
one each for the R-G-B 
inputs. 
Independent 


control 
of write 
and read operation 
by the pPD41101 


allows 
the inputs 
to be written 
at a 4fsc sampling 
rate 


and subsequently 
read at twice 
that frequency 
(8fscl. 
Reading the scanned 
image twice doubles the number 


of lines sent to the TV monitor, 
fills the gaps between 
lines of an interlaced 
signal, and increases 
the vertical 


resolution. 


Digital-to-Analog 
Converter 


After 
being read at a frequency 
of 8fsc (28.6 MHz), the 
digital 
signal 
from 
the pPD41101 
is converted 
to an 


analog 
signal 
by the pPC6902 
(figures 
15 and 16). The 


CMOS-fabricated 
pPC6902 
D/A converter 
is designed 


to handle 50 million 
samples 
per second. 


Timing Generator 


The 8fsc and 4fsc clocks 
and RSTW and RSTR signals 


are output 
by the timing 
generator. 
The horizontal 
(H) 
signal from thepPC1401 
passes to a phase-locked 
loop 


DB7 0----- 


DB6 0---+ 
Decoder 
DBS0----- 


DB40----- 


circuit, 
where 
it is compared 
and locked 
with 
a hori- 


zontal 
signal obtained 
by dividing 
the 8fsc clock. 
After 


the horizontal 
frequency 
has been multiplied 
by 2 (2H), 


this signal is combined 
with the vertical 
drive signal (V) 


from thepPC1401 
for use as the composite 
synchroniz- 


ing signal in noninterlaced 
scanning. 
Together with the 


R-G-B 
output 
signals, 
it is then 
passed 
to the 
TV 


monitor. 
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Operation 


A circuit 
diagram 
for the scan converter 
is shown 
in 


figure 
17. The operation 
in each 
block 
is described 


below. 


Video Signal Input Stage 


Switch SW1 selects the NTSC video signal and applies 
it to the JlPC1401, which decodes the composite 
signal 


and outputs 
R-G-B horizontal 
and vertical synchroniz- 


ing signals. 
The JlPC1401 integrated 
circuit 
separates 


color 
types 
(Y, R-Y, B-Y, G-Y) to form 
a matrix 
using 


three 
external 
transistors 
(Tr3-Tr5) 
to 
produce 
the 


R-G-B signal. 


A 4528BC 
one-shot 
multivibrator 
sets the horizontal 


synchronizing 
signal to a suitable 
pulse width. One of 


the pulse signals 
is applied 
to pins 34 and 35 of the 


JlPC1401 as the burst 
gate and blanking 
pulses; the 


other signal is applied to the MC4044 phase comparator 
for clock generation 
comparison 
purposes. 


R-G-B Signal Input Stage 


The R-G-B input signal passes to a 74LS08 two-input 
positive 
AND 
gate and then 
to the JlPC1387 which, 


together 
with 
Tr6 and the 
74LS08, ensures 
that 
no 


signal is applied during the horizontal 
retracing 
period. 


The R-G-B signal applied to the JlPC1387 is adjusted to 
a suitable 
level prior to being output 
from that device. 


Conversely, 
the vertical 
and horizontal 
synchronizing 


signals 
are combined 
in the 74LS08 to form the com- 


posite synchronizing 
signal passed to the JlPC1401 by 


selection 
switch SW1. 


AID Conversion Stage 


The R-G-B 
signal 
selected 
by SW1 is passed to the 


JlPC6950 through 
a 7-MHz low-pass 
filter 
to cut fre- 


quencies 
in excess of one-half 
the sampling 
frequency 


of 14.3 MHz (figure 
18). This analog signal is converted 


by the 14.3-MHz clock and then passed to theJlPC1401 
as an 8-bit digital 
signal. 


Line Buffer Stage 


The 8-bit 
digital 
input 
is written 
at 14.3 MHz before 


being 
passed 
to the JlPC6902 for 
D/A conversion 
at 


28.6 MHz. The WCK, RCK, RSTW, and RSTR controls 
for 
the 
line 
buffer 
are 
supplied 
from 
the 
timing 


generator 
(figure 
19). 


D/A Conversion Stage 


The digital 
input from the JlPD41101 is converted 
to an 


analog 
signal by the 28.6-MHz 
clock to reproduce 
an 


R-G-B signal of twice the horizontal 
line frequency. 


Timing Generation 
Stage 


An 
LC 
oscillator 
circuit 
uses 
a 74F04 
inverter 
to 


generate the 28.6-MHz signals required 
for driving the 


line buffer 
and D/A converter 
clocks, 
as well as the 
14.3-MHz 
signals 
required 
for driving 
the line buffer 


and AID converter 
clocks. 


The horizontal 
signal from theJlPC1401 is passed to the II 
MC4044 phase frequency 
detector 
for phase compari- 


son with the horizontal 
signal obtained 
by dividing 
the 


clock from the clock generator. 
The resultant 
signal is 


then transferred 
through 
a low-pass filter to the 1SV164 


varactor 
diode 
of a voltage-controlled 
oscillator 
to 


adjust the oscillating 
frequency 
(figure 20). 


Three 74LS163 synchronous 
4-bit counters 
divide the 


14.3-MHz 
clock 
by 
a factor 
of 
455. 
The 
resultant 


31.5-kHz clock 
(2fH) is timed 
by the 28.6-MHz 
clock 


and passed to the line buffer as the RSTR signal. 


The vertical 
synchronizing 
signal from the JlPC1401 is 


adjusted 
to 
a suitable 
pulse 
width 
by 
a 74LS123 


retriggerable 
monostable 
multivibrator. 
The 
signal 
timed 
by this 2fH clock 
is then combined 
with the 2fH 


clock to obtain the composite 
synchronizing 
signal for 


non interlaced 
scanning 
purposes. 
The 
2fH clock 
is 


subsequently 
divided in half and timed by the 14.3-MHz 


clock 
to become the RSTW signal 
passed to the line 


buffer and MC4044 (figures 
21 and 22). 


R-G-B Output Stage 


The 
non interlaced 
R-G-B 
signal 
and the composite 
synchronizing 
signal 
output 
to the TV monitor 
are 


adjusted 
to levels of 0.7 and 0.3 Vpp, respectively, 
by 


a 75-ohm 
terminating 
resistor. Switch 
SW2 is used to 
select external or internal display. When on, the switch 
allows 
a non interlaced 
picture 
to be displayed 
exter- 


nally on a TV monitor. 


In this application, 
the TV monitor 
must be capable 


of operating 
at a horizontal 
scanning 
frequency 
of 
31.5 kHz. Suitable 
monitors 
include the PC-TV451 and 


PC-TV471 from NEC Home Electronics. 
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Application Note 89·15 


A computer graphics system is comprised of hardware 
and software, the organization of which depends upon 
the specific 
requirements of each application. While 


individual designs may differ from one application to 
another, the design objective essentially remains the 
same: to define a device-independent, general-purpose 
sequence of operations (or pipeline) that transforms the 
geometric model of an object into an image on a display 
screen. 


This application note provides an overview of the con- 
cepts and methodologies used in the design of computer 
graphics systems. The intent here is to introduce the 
basics, building the foundation for more vigorous study 
later. 


The task of a graphics system is to transform real-world 
information into a perceptible image for display on an 
output device. While systems in the past typically used 
software designed for particular kinds of hardware, con- 
temporary 
systems use device-independent software 


designed for compatibility with a variety of hardware. 


This latter type involves a sequence of operations that 
begins with a model of the image to be rendered. As 
shown in figure 1,the program portion of the model has 
three elements-the 
application data structure 
(data 


base), the application 
program, and the display pro- 


gram. These are transmitted to the hardware compo- 
nent, in this case a host computer connected to a 
graphics display terminal, in terms that the computer 
can understand. At the same time, the original model 
structure is preserved. As a conceptual framework, this 
model is useful in showing how an abstract description 
of a two- or three-dimensional "world" having one or 
more objects is transformed into a view or picture of that 
world. 


The functions 
represented by the conceptual 
model 


need to be more than device-independent; they also 
must be sufficiently general-purpose to support a variety 
of applications. No strict definition of this requirement 
exists. At one extreme, the system may be entirely 
incorporated into a host computer, with the graphics 
reduced to a single monitor. Another system might 
incorporate all graphics functions into a standalone 
workstation. The point isthat the implementation of VLSI 
and concurrent technologies may differ, but the basic 
sequence of functions must remain the same. 


Notes: 


{1] I8lI = Hardware 


[2J D = Software 


[3J I:2l = Data Structures 
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One of the tasks of the application program is to support 
interactive input devices that allow the user to specify 
how objects are to be constructed 
and modified and 
which views are to be displayed. The application pro- 
gram decodes user-supplied input and uses it to direct 
the system to change the viewing specification or to 
alter the model in the data structure. Once the applica- 
tion program has developed the data structure. the 
objects contained therein are described to the graphics 
system so that it can calculate and display the particular 
view desired. 


The application program describes in geometric terms 
that portion of the world in which the picture should 
appear. This data is presented in the form of output 
primitives such as points, lines, polygons, or character 
strings 
geometrically 
oriented 
in a two- 
or three- 
dimensional world. The application program also speci- 
fies the part of the object to be rendered, the vantage 
point to be displayed, and the part of the viewing surface 
on which the image should appear. 


Problems inherent to the design of graphics software are 
solved by a graphics package that reinforces a general- 
purpose, device-independent approach to graphics de- 
sign by providing basic subroutines or primitives that 
allow portability with the application program. 


The graphics package is a small but functionally com- 
plete set of application-independent facilities for creat- 
ing arbitrary views of two-dimensional objects and for 
supporting interaction between the application program 
and the user. The package also performs a number of 
roles crucial to supporting a range of physical devices 
controlled 
by a device-independent application 
pro- 
gram. These roles can include 


• 
Providing the characteristics and performance capa- 
bilities of devices that can be driven by the applica- 
tion software 


• 
Having responsibility for specifying a set of attributes 
and operations 


• 
Serving as an interface between the applications 
program and the graphics display unit 


• Serving as an interface between the demands of the 
graphics system and the true functionality of the real 
devices to be used by the system 


The graphics package must therefore be designed not 
only as an abstract machine capable of supporting the 
tasks required by the application program, but also as a 
real machine for implementation on real devices. The key 


to device-independence is that only the implementation 
of the graphics package (and not the rest of the appli- 
cation program) is device-dependent. 


The two principal hardware components are the host 
computer and the display processing unit, or DPU. The 
two important data modules shown are both stored in 
shared memory (to simplify the diagram, the host's CPU 
and the memory shared by the CPU and DPU are not 
shown in figure 2). The first is the DPU display program 
(also called the display file or list), which iswritten by the 
graphics package and read by the DPU as it refreshes 
the image on the screen. The second is the application 
data structure, 
which 
contains a description 
of the 


objects whose images areto be displayed and is a tool to 
model the objects. 


The three major stages shown as software modules in 
figure 2 could also be implemented as hardware or 
firmware modules in other systems. Their interaction is 
characterized by two major data flows moving in oppo- 
site directions within the system: one is from a data 
structure description of an object to its image on the 
screen, and the other is from user-supplied input to the 
data structure and/or display program. 


The object-to-image transformation sequence begins at 
the output pipeline, a four-stage pipeline that transforms 
a description 
of the object 
into successively more 


machine-dependent representations, and finally, into an 
image on a screen. The portion of the data structure that 
models the geometry (layout) and topology (connectiv- 
ity) of an object is transformed by the application pro- 
gram into a sequence of calls in a graphics package 
using parameters derived from the data structure. These 
calls describe the object in terms of its point, line, and 
text output primitives. Other calls specify how the object 
should be divided into logical units, i.e., segments, as 
well as which view of the object should be displayed. 


The next stage, the viewing specification, is used first to 
clip the object's 
primitives against the user-supplied 


window boundaries and then to map the visible portion 
of the object into the current viewpoint. The DPU code 
generator transforms the device-independent specifica- 
tion of (clipped) primitives from normalized device co- 
ordinates of the DPU.The graphics package controls the 
segmentation of this DPU "machine code" and specifies 
to the DPU code generator which segments are to be 
added, made visible/invisible, translated, or deleted. The 
final stage involves the DPU itself, which transforms 
output primitives into the actual data needed for output- 
ting an image onto the display screen. 
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The input pipeline has fewer stages. The DPU records 
input device usage and either interrupts the CPU or 
transfers data on request. Input data is collected from 
the DPU by the input handler, which typically passes itto 
the application program. This data changes the flow of 
the application program, and may also cause the appli- 
cation program to either modify the data structure or 
change the viewing operation parameters. The input may 
also be used directly by the code generator to manipu- 
late segment operations. 


The viewing operation is a sequence of steps that trans- 
forms a device-independent description of an object into 
a device-dependent display program generating a par- 
ticular view of an image. In the viewing operation pro- 
cessor and DPU code generator stages, functions such 
as clipping, window-to-viewpoint mapping, and display 


Input Pipeline 


<"':"':"':"':"':1 


Interface 
Between 


Graphics 
Package 


and DPU 


code generation in device-dependent physical screen 
coordinates 
are performed. The first two 
steps are 


usually considered part of the viewing operation, while 
the third 
step is part of the DPU code generation 


process. 


OUTPUT 
PRIMITIVES 


Coordinate Systems 


In a basic graphics system, the only graphical primitives 
needed by the application program are those to define 
points, lines, and displayed text strings. These are de- 
scribed in terms of positions and measurements in a 
Cartesian coordinate system. The coordinates are inher- 
ently dimensionless, and thus the application program 
can define objects in terms of units that are natural to the 
application and to the user. 
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The application program is constrained by the overall 
size of display space on the output device. Display space 
can be divided into a number of rectangular regions 
called "viewports," into which subpictures are mapped. 
Subpictures require the use of a suitable application 
coordinate system. Such a coordinate system is the 
world coordinate system, used by the application pro- 
gram to choose a rectangular "window." Any finite rect- 
angular region of this infinite space, where the sides of 
the rectangle are parallel to the x and yaxes, is a window 
in the world coordinate system. Because different win- 
dow sizes can be used, the image is drawn in world 
coordinate space relative to a particular window and 
then clipped to that window. To be able to transform 
these windows 
into their allotted 
viewports 
on the 


screen, the application program must have procedures 
for specifying windows, viewports, and appropriate co- 
ordinate systems. 


The window is defined in terms common to the world 
coordinate system, where the edges of the rectangle are 
parallel to the x and y coordinate axes. The viewport 
procedure also takes a rectangular boundary as its 
parameter; the system in which this boundary is ex- 
pressed is called the device coordinate system, i.e.,the 
one used for representing absolute positions on the 
display space. Since device coordinates map directly 
onto the display device, the range of coordinates will 
define display resolution. 


Often a graphics system supports many different de- 
vices, and the application 
program must provide a 


means of controlling these in as uniform a manner as 
possible. Determination of the viewport using device 
coordinates is acceptable if only one graphics device is 
used, or if all graphics devices have exactly the same 
coordinate systems to represent their display spaces. A 
better solution to device disparity requires a uniform 
method of addressing different display spaces. The stan- 
dard solution is to introduce an intermediate system 
called normalized device coordinates, where (0,0) is at 
the bottom left corner and (1,1)is at the top right, i.e.,a 
unit square. 


Windows and Clipping 


The viewing operation, or pipeline, has been defined as a 
journey of a coordinate through the graphics system. It 
starts as a world coordinate point generated by a call to 
an output primitive procedure, continues through the 
normalized transformation 
stage, and finally 
passes 


through the device transformation stage, after which it is 
expressed in normalized device coordinates. 


During this procedure, the graphics package must know 
what portion of the essentially unbound world coord i- 


nate space is to be displayed. This rectangular region, or 
window, is invoked by a graphics package procedure 
that maps the image of the window boundaries to 
coincide with the edges of the screen. A programmer 
can makethe graphics package display only that portion 
of an object which is in view by surrounding the desired 
part with an appropriate window. 


Any part of the object not in view inside the window is 
made invisible by the graphics package through a pro- 
cess known as clipping, whereby any primitive lying 
entirely outside the window boundary is not mapped to 
the screen, and any primitive lying partially inside and 
partially outside is cut off. Each output primitive defined 
by the application program is tested to see whether it is 
entirely inside the window, intersects the window, or lies 
entirely outside the window. The pieces that remain after 
testing and clipping are mapped to the screen. 


The most basic form of clipping involves output primi- 
tives such as points, lines, and text (figure 3). Evenwith 
these simple primitives, it is essential that the clipping 
operation be done efficiently since hundreds or even 
thousands of lines must be processed as quickly as 
possible to provide the next view of the object as 
smoothly as possible. 


Window-to-Viewport 
Mapping 


In this context, window is a rectangular area that speci- 
fies the part of a scene-either 
graphics or text-to 
be 


displayed and is defined by means of coordinates in the 
lower right and upper left corners. (The type of window 
commonly associated with a page of text or graphics, or 
possibly the dynamic output from a process or program, 
does not apply to this discussion.) 


A window defines what is to be displayed but not where 
it is to be displayed. Therefore, each window requires a 
corresponding 
viewport 
that defines the space into 


which the window is to be displayed. In figure 4, the 
window is clipped to its boundary in world coordinates, 
and then subsequently mapped to the viewport bound- 
aries in device coordinates. 
A few windows appear 


whole, while some are obscured by other windows. A 
viewport obscures another viewport when it has a higher 
priority than the obscured viewport. Viewports may be 
moved around the display area without affecting their 
information content, except when they are moved rela- 
tive to an obscuring viewport. 


The movement of a window about the scene gives the 
effect of changing the observer's view of the picture. 
Adjusting the size of the window relative to the size of 
the objects being displayed produces arbitrary scaling 
effects. Thus, moving the window and selecting smaller 
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or larger window sizes creates the cinematic effect of 
panning in or zooming out. Intheory, one can zoom in on 
a single primitive until it touches the boundaries, or 
zoom out until the entire scene blurs together as a single 
port. 


lfthe graphics package supports only a single DPU,then 
it is most efficient to convert directly from world coordi- 
nates to physical coordinates. For packages that sup- 
port multiple display devices, it is convenient to produce 
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a low-level, machine-dependent, normalized device co- 
ordinate representation of the image that can then be 
translated 
by multiple 
DPU code generators to the 


appropriate 
physical 
device 
coordinates. 
Therefore, 


window-to-viewport mapping is a conversion process in 
which the window, defined in world coordinates, 
is 


converted into device or normalized device coordinates 
for input into the next phase of the viewing pipeline 
(figure 5). 
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wy2 = window 
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This stage in the viewing pipeline converts the clipped 
and mapped output 
primitives to normalized device 


coordinate space, unless this conversion was already 
performed in the window-to-viewport 
mapping phase, 
Device-independent primitives are converted into actual 
DPU commands with operation codes, functions, and 
beam displacement fields in physical device coordi- 
nates, 


Segmentation 


The final stage, segmentation, involves organization of 
the output primitives into logically related segments for 
selective identification and modification of the image. 
Once a picture of an object has been created and drawn, 
changes to the drawing can be made by means of 
modifications to the data structure. Producing an up- 
dated view of the modified object(s) by having the 
application program redescribe everything to the graph- 
ics package, even though only a portion 
has been 


changed, would be very wasteful because of the com- 
putations required to clip and map world coordinates 
into device-dependent coordinates. 


Segmentation, where the object's description is parti- 
tioned into segments that are individually displayed, 


provides the system with an extra dimension of flexibil- 
ity, a way of creating a high-level representation of the 
total picture. Each segment consists of attributes deter- 
mining the state of the segment, as well as a sequenceof 
output primitives. Fast selective modification is a neces- 
sity of high-quality interactive graphics because it pro- 
vides rapid response to the user for closely coupled 
feedback. 


Geometric Transformations 


A graphics system should also provide the ability to 
scale and rotate images in two- and three-dimensional 
space. These geometric transformations should be free 
from device-dependent issues such as screen coordi- 
nates so that different views of a picture at different 
scales may be selected, and repeated symbols in pic- 
tures may be drawn at various scales and angles of 
rotation. 


The most common way to view transformations is with 4 
by 4 matrix multiplication. However, matrix multiplica- 
tion requires many intermediate steps, making the trans- 
formation of object coordinates one of the most time- 
consuming steps in the entire graphics output sequence. 


Arbitrary two- and three-dimensional transformations 
such as object rotations, translations, scaling, and per- 
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spective and orthographic projection may precede the 
clipping function in the graphics pipeline, and may also 
include the ability to transform the image into viewport 
coordinates (figure 6). Because matrix representations 
for translating, scaling and rotating differ (scaling re- 
quires an additional matrix and rotation uses a multipli- 
cation matrix), it is more efficient to treat these functions 
in a consistent way. For example, if they are expressed in 
homogeneous coordinates. all three transformations 
could be expressed as multiplications. 
oBefore translating 


Q 


After translating 


(2.6) (4.6) 


(6,3) (8.3) 


Homogeneous coordinates were developed in geometry 
and have subsequently been applied in graphics (figure 
6). Numerous graphics subroutine packag'esand some 
display processors work with homogeneous coordinates 
and transformations. 
In some cases, they are used 


directly by the application program in passing parame- 
ters to the graphics package. In other cases, they are 
applied only within the package and are invisible to the 
programmer. 


oBefore scaling 


(2.6) (4,6) 


oAfter scaling 


(4.2) 
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One of the principal goals of interactive systems, graph- 
ics or otherwise, is the symbiosis between man and 
machine. Whena user is able to interact with a computer, 
this interaction is said to be conversational. V\brking 
together on a single task merges the capabilities of the 
two partners, man and computer. 


Of all the possibilities for graphics input hardware. the 
keyboard is certainly the most familiar. Many graphics 
systems have little more. There are five basic logical 
input devices: the locator to indicate a position and/or 
orientation, the pick to select a display entity, the valu- 
ator to input a single value in the space of real numbers, 
the keyboard to input a character string, and a button to 
select from a set of possible alternative actions or 
choices. Logical input devices are rather like logical files 
in an operating system. A sequential input file may be 
implemented physically by means of a card reader, a 


magnetic tape drive, a disk drive. or a terminal keyboard. 
The application program doesn't care because the oper- 
ating system makes them functionally alike, despite their 
physical differences. 


Many graphics systems simulate the logical functions of 
another class, although some of the simulations can be 
rather awkward. These implementations are sometimes 
part of the graphics package. For example, since a 
direct-view storage tube cannot be used with a light pen, 
the cross-hair cursor locator might be used as a pick. 


In addition to interactive devices and device simulations, 
interaction techniques are used as the basic building 
blocks from which complete interactive dialogues are 
designed. Interactive techniques are higher-level func- 
tions implemented through the basic device simulations 
already discussed. These techniques, which are general 
application-independent ways of interfacing with a com- 
puter, are routinely used in many graphics packages and 
include the following: 
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• 
Construction 
Techniques-where 
the physical ap- 
pearance of an object is indirectly manipulated by 
means of dragging or rubberbanding. 


• 
Command 
Techniques-where 
menus and 
pro- 
grammed function keyboards are used to input com- 
mands. 


• 
Picking 
Techniques-where 
a hierarchical 
object 
structure allows the user to pick a basic object, a 
collection of basic objects, or perhaps a collection of 
collections. 


When programming graphical input devices, a certain 
degree of device independence can be gained by provid- 
ing individual high-level primitive functions for each 
basic form of interaction. Thefollowing list, based on this 
approach, is adequate for most graphics applications 
and can be implemented on a surprisingly large variety of 
terminals. 


• 
Positioning -where the user defines a location on the 
screen. This location is passed back to the program, 
which uses it to position objects or endpoints of lines. 


• 
Pointing-where 
the user identifies an object already 
displayed on the screen. This can be used to delete 
and copy objects or to implement light buttons and 
other means. 
• 
Inking-which 
is used to specify a free-hand curve as 
a collection of screen points. 
• 
Character 
Recognition-where 
the user draws a 
number of inked strokes that together can be recog- 
nized as a text character, an editing mark, or some 
other symbol. 


• 
Dragging-where 
coordinates from a graphical input 
device are used to specify the location of some object 
on the screen. Repositioning is performed rapidly 
enough so that the user can "rag"the object around 
the screen until it is correctly positioned, at which 
time it is fixed again. 


Device independence is just as troublesome here as it is 
in graphical output. The problem is not that input devices 
have such different characteristics, but that each input 
technique demands a specific form of immediate feed- 
back on the screen. The popular rubberband line draw- 
ing technique, for example, depends on the dynamic 
display of a line with one endpoint fixed and the other 
following the coordinate input device. It is difficult to 
provide this sort of effect without modifying the graphi- 
cal output process. Therefore, meddling with the output 
process should be avoided in the interest of device 
independence. 


Without special hardware for producing output, there 
would be little interest in computer graphics. Useful 
pictures can be produced using only a line printer or a 
normal hardcopy alphanumeric terminal, but what most 
people expect from a graphics system is something 
much more. 


Most graphics hardware has options for moving in two 
dimensions, plotting or intensifying certain points on a 
surface, displaying characters, and providing gray-level 
variation or color shading. The number of such devices is 
increasing yearly and includes vector or raster CRTs, 
hardcopy drum and flatbed plotters, impact and ink-jet 
matrix 
printer/plotters, 
color 
copiers, LED displays, 


plasma panels, and laser printers. Inthis discussion, the 
focus will be on CRT technology for vector and raster 
scanning, with emphasis on the system architectures 
neededto implement such devices in a graphics system. 


CRTs for Raster and Vector Scanning 


The DPU is a special-purpose CPU with its own set of 
commands, data formats, and an instruction 
counter 


that executes a sequence of instructions 
called the 


display file to create an image on the display device. 
Individual DPU instructions typically are used to draw a 
point, a line,' or a character string. Interactive devices 
attached to the DPU can also be used to input com- 
mands and other information. 


The DPU can be organized to create an image, either by 
random or raster scanning. In a random scanning sys- 
tem (sometimes called a vector, stroke, or calligraphic 
scanning system), parts of the drawing can be depicted 
in any order on the display. For example, the house in 
figure 6 was drawn by moving (detecting) the beam to 
the starting point, turning it on, and continuously de- 
flecting it between successive endpoints to trace the 
house outline. In a raster scanning (TV-type) system, all 
parts of the drawing in the first line are reproduced in 
left-to-right order, followed by all parts of the drawing in 
the second line, arid so on. Hardcopy devices operate in 
either a random or raster scanning system. The printer, a 
simple hardcopy device, has a print head that moves 
from left to right and top to bottom. The pen plotter, 
which usesa pen that can be moved in any direction over 
a piece of paper, is a random scanning device. 


Figure 7 shows basic display techniques. Starting in the 
upper left of the screen, the intensity is modulated during 
the left-to-right sweep to create different shades of gray. 
At the right edge, the beam is blanked (turned off), 
repositioned (indicated by the dashed line) at the left 
edge one unit down from the previous scan line, and 
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unblanked. After all scan lines have been drawn, the 
beam returns to the upper-left corner. Broadcast televi- 
sion in the United States operates with 525 scan lines, 
but common raster graphics systems use anywhere 
from 256 to 1024lines. The more lines used, the higher 
the picture quality. 


Display Processing Unit for Random Scanning 


Figure 8 shows a very simple DPU capable of randomly 
plotting under CPU control individual discrete points on 
a grid of 1024 by 1024lines. This feature requires that 
10-bit x and y values be made available to the DPU. The 
computer uses input/output commands to load the x and 
y registers with coordinate values, while the analog 
(voltage) equivalents of the coordinate values go to the 
deflection system. The current amplifiers for the mag- 
netic deflection coil produce the appropriate current. 
Once this current has stabilized, the electron beam is 


Notes: 
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unblanked (turned on) for a few microseconds, and then 
blanked again to detect and draw the next point. The 
whole process can take from 5 to 20 P.sper point with a 
fast deflection system, or as much as 50 p.s per point 
with a slow deflection system. In a given system, the 
time between the display of successive points is usually 
nearly proportional to the distance between them. A 
refresh rate of 30 cycles per second allows 33,000 
microseconds 
per refresh cycle, resulting in display 


capacities from 33,000/50 
= 660 to 33,000/5 
= 6600 


points. 


The system in figure 8 has no facilities for concurrent 
program execution and display of screen refresh capa- 
bilities. Most contemporary 
DPUs provide the same 


functions as a general-purpose CPU, functions such as 
an instruction counter, instruction register, and control 
logic that allow the DPU to execute instructions as well 
as to refresh the display. 
II 
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Display Processing Unit for Raster Scanning 


The DPU illustrated 
in figure 9 provides a number of 


features to enhance operation. The CPU loads a DPU 
program into main memory, loads the DPU with the 
starting address, and tells the DPU to start the execu- 
tion of the DPU program. The DPU cycle "steals"from the 
CPU's memory whenever it needs a new instruction. 
Thus, converting the display to an autonomous proces- 
sor relieves the CPU of the refresh task. 


Images to be displayed by a random scanning system 
are encoded as commands to draw each output primi- 
tive using endpoints of lines as coordinate data values. 
The encoding for raster scanning systems is much 
simpler: output primitives are separated into their con- 
stituent points for display. 


The major differences in simple point plotters, random 
scanners, and raster scanners occur in their organiza- 
tion of stored bits. In point plotting displays, the com- 
ponent points of each successive output primitive are 
stored sequentially and are plotted in that order, one 
picture element at a time becaise the beam may be 
moved randomly on the screen. Conversely, the refresh 
memory in the raster display is arranged as a two- 
dimensional array. The entry at a particular row and 
column stores the brightness and/or color value of the 
corresponding (x,y) position on the screen in the simple 
one-to-one relationship shown in figure 9, i.e., each 
screen and memory location 
is referenced by an x 


coordinate (ranging from 0 to m-1) and a y coordinate 
(ranging from 0 to n-1). The top row of memory corre- 
sponds to the top scan line, the second row of memory 
to the second scan line, and so on. Image refreshing is 
performed 
by means of sequential raster scanning 


through the buffer, by scan line rather than by output 
primitive as in random scanning. 


The job of the image refresh system is to cycle, row by 
row, through the refresh buffer, typically 30 to 60 times 
per second. Memory reference addresses are generated 
synchronously with the raster scanning device, and the 
contents of memory are used to control the CRT's beam 
intensity. The raster scanning generator provides deflec- 
tion signals that generate the raster scanned image and 
also control the x and y address registers defining the 
location of the image to be fetched so as to control the 
CRT beam. At the start, the x address is set to 0 and the 
y register to n-1 (the top of the scan line). As the first 


scan line is generated, the x address increments from 
m-1. Each point is fetched and used to control the 
intensity of the CRT beam. After the first scan line, the x 
address is reset to 0 and the y address decrements by 1. 
The process continues until the last scan line (y=0) is 
generated. 


Display Resolution 


The number of raster lines capable of being displayed on 
a monitor depends not only on the speed at which the 
electronic beam can be moved across the screen, but 
also on the quality of the electronics controlling 
the 


beam. Similarly, the number of horizontal points that can 
be plotted depends on the speed at which the beam can 
be switched on and off. The more raster lines and 
horizontal points that can be drawn, the greater the total 
number of points that can be displayed, and hence, the 
greater the resolution of the display. 


Consider a CRTmonitor with m pixels on each line and n 
raster lines. If the time required to draw one pixel is Pt 
and the time for horizontal retrace in Ht, then the total 
time to display one raster line is Lt = MPt + Ht. Ifthe time 
for one vertical retrace is Vt, the total time to draw one 
complete image is t = N(MPt + 'HJ + Vt. If there are to 
be raster frames per second, then rearranging the above 
for Ptmeans that thetimeto 
draw one pixel is Pt = 1/MNr 


- Vt/MN - 
HtiM. This value, usually expressed as a 


frequency, represents a measure of the monitor's resolu- 
tion capability and defines the electronics performance 
required to achieve a particular display resolution, gen- 
erally known as monitor bandwidth. 


Typical bandwidth figures for refreshing of the whole 
image 60times a second (60Hz)are 28 MHzfor a display 
of 512 by 768 pixels and 88 MHz for a display of 1024by 
1024pixels. 


The aim of this application note has been to provide an 
overview of a graphics system, defining some of the 
fundamental operations required to render an image 
onto a display device. By no means comprehensive, the 
discussion should at least have provided a framework for 
understanding the common techniques and terminology 
used in a number of today's very sophisticated applica- 
tions, whether 
implemented 
in state-of-the-art 
VLSI 


technology 
or organized into a higher performance 


parallel architecture. 
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Introduction 


The growth of computer graphics is directly attributed 
to the availability 
of reasonably priced, high quality 


display hardware. The technology 
most successfully 


addressing this feature is called raster scanning, a type 
of graphics found in television applications 
and one 


that makes it possible for complex, flicker-free images 
to be displayed. 


Frame buffer architecture 
is important in determining 


the performance of the entire raster display system. For 
example, 
although 
frame 
buffer 
architecture 
is re- 


stricted by the refresh requirements of the display (i.e., 
how fast a new image can be generated in response to 
user input), architecture of the entire graphics system 
is affected as well. This application 
note discusses 


some of the design techniques inherent to frame buffer 
architecture. 


Raster Scanning 


A raster display system constructs an image as a series 
of horizontal lines, each composed of picture elements 
(pixels) whose intensity 
is controlled 
by a bit map 


generated 
on the display processing 
unit (DPU) in 


accordance with graphics primitives defining the unit. 
The device buffering the bit-mapped 
image is called 


the frame buffer, or image memory, and is usually 
designed with dynamic RAMs (figure 1). Each storage 


cell in the frame buffer corresponds to a pixel that 
maps to a point on the display screen. Data stored in 
the frame buffer is systematically 
read by the DPU 


(video controller) 
and then used to refresh the CRT 


monitor displaying the image. 


Frame buffers are usually sized in the horizontal and 
vertical directions as a power of 2, in particular 256 by 
256 (28), 512 by 512 (29), or 1024 by 1024 (210) pixels. 
Sizes based on the aspect ratio of the screen (e.g., 768 
3 


by 512 or 1536 by 1024) are also common. These 
dimensions 
then become device coordinates 
of the 


raster scanning display system. 


The bits in the frame buffer are scanned by the DPU in 
a left-to-right, top-to-bottom 
sequence. They are then 


read in parallel and serialized by a scanner that out- 
puts the pixels to the video generator. The pixels mod- 
ulate the CRTbeam signal in proportion to the values in 
the frame buffer. 


Refresh Requirements 


The design of frame buffers is determined in large part 
by the requirements of the application. A stable display 
is generally the foremost requirement of a graphics 
system. 
Therefore, 
the 
first 
design 
consideration 


should focus on how the video's refresh controller will 
supply data to the output hardware when pixel time is 
less than a buffer cycle. 
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The frame or image buffer stores a bit map representing 
the image to be displayed. The size of the frame buffer, 
often 512 by 512 or 1024by 1024,is the resolution of the 
memory, with each element being one pixel. The DPU 
must update the frame buffer with the bit-mapped 
image and periodically 
refresh the display. Refresh 
requirements are determined by a number of factors, 
including the DPU's refresh rate, vertical and horizontal 
retrace time, screen resolution, and access time of the 
memory used in the frame buffer. When all of these 
factors are established, the architecture 
of the frame 


buffer can be determined. 


Two standards developed by the Electronic Industries 
Association (EIA) define the timing of video signals. EIA 
standard RS-170-Aspecifies interlaced video signals at 
30 frames of 525 lines per second 
each for typical 


television applications, RS-343-Aspecifies 30frames of 
1024 by 1024 noninterlaced 
images per second or 30 


frames of 512 by 512 noninterlaced images per second 
for high-resolution television applications. 


Knowing how often a new pixel must be supplied to the 
output 
device is crucial to determining 
how quickly 


image memory must be accessed to support the re- 
fresh requirement. 
Pixel time, the active line time di- 


vided by the number of visible pixels per line, can be 
derived from either the refresh rate, the vertical 
or 
horizontal 
blanking interval, the number of lines dis- 


played per frame, orthe number of pixels displayed per 
line (figure 2). 


Table 1 gives the values used to derive pixel times for 
several popular display formats. Pixel times will vary 
from system to system, depending on the number of 
visible lines and the number of pixels per scan line. 
However, these figures are typical: (1) 100ns for 512 x 
512 at 30 Hz; (2) 45 ns for 512 x 512 at 60 Hz; (3) 25 ns 
for 1024x 1024at 30 Hz; and (4) 10ns for 1024x 1024at 


60 Hz. 


The storage cell is the principal element in a frame 
buffer, which is why advances in frame buffer architec- 
tures have been paced by advances in the cost, perfor- 
mance and structure of these chips. Storage bandwidth 
is of primary concern in the design of frame buffers, 
and while dynamic devices have historically evolved to 
deeper and deeper organizations, 
the width of the 


access port (e.g., 1M x 1 or 256K x 4) has experienced 
almost no change. 


The trend toward deeper organization meets the needs 
of main buffer designs, but doesn't provide a solution 
for 
potential 
bandwidth 
requirements. 
Furthermore, 


resolution isn't expected to grow significantly 
beyond 
the 1280 by 1024now used in most applications, which 
means the need for higher density video buffers is 
limited (figure 3). Consequently, for a 1K x 1K display 
operating 
at 60 Hz, a pixel rate of 10ns (as well as 


parallel accessing of the frame buffer) is required. 
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Table 1. 
Video Timing for Various Display Formats 


Visible 
Area 
Refresh 
Vertical 
Retrace 
Horizontal 
Retrace 
Total Line 
Pixel Time 
Pixels x Lines 
Rate (Hz) 
Interlaced 
Time 
(}1s) 
Time (}is) 
Time (}is) 
(}is) 


512 x 485 
30 
Yes 
1271 
10.9 
63.56 
102.80 


640 x 485 
30 
Yes 
1271 
10.9 
63.56 
82.30 


512 x 512 
30 
Yes 
1203 
10.9 
60.40 
96.70 


1024 x 768 
30 
Yes 
1250 [1] 
7.0 [1] 
40.10 
32.37 


1024 x 1024 
30 
Yes 
1250 
7.0 
30.11 
22.57 


1280 x 960 
30 
Yes 
1250 
7.0 
32.12 
19.62 


512 x 485 
60 
No 
1250 
7.0 
31.79 
48.41 


640 x 485 
60 
No 
1250 
7.0 
31.79 
38.73 II 


512 x 512 
60 
No 
1250 
7.0 
30.11 
45.14 


1024 x 0768 
60 
No 
600 [2] 
4.0 [2] 
20.92 
16.52 


1024 x 1024 
60 
No 
600 
4.0 
15.69 
11.42 


1280 x 960 
60 
No 
600 
4.0 
16.74 
9.95 


1280 x 1024 
60 
No 
600 
4.0 
15.69 
9.13 


Notes: 


(1) 
Nominal 
RS-343·A specifications. 


(2) Typical high-performance 
monitor 
specifications. 
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Table 2 shows the effect of using a device with a 4-bit 
organization, 
which can read and write four bits in a 


single cycle and provide four times the bandwidth of a 
1-bit chip of equal capacity. This wider organization has 
figured 
prominently 
in frame buffer design, and as 


system performance requirements increase, ever wider 
organization 
may be required. 


Table 2. 
Performance of Storage Chip 


Organization 
Time to Fill (ms) 


4Kx 
1 
1.6 


16Kx 1 


64Kx 
1 


256Kx 
1 


16Kx 4 


64K x 4 


6.6 


26.2 


105.0 


6.6 


26.2 


- 
- 
.' 
- 
tion toward 16-bit devices will be prohibitive because of 
pin configuration 
and package size. Therefore, in order 


to meet the required pixel rate of high performance 
graphics systems, the frame buffer must be designed 
with organizations 
and features that can best support 


the increasing 
performance 
requirements. 
Over the 


years, a number of different design solutions have been 
proposed. One is to separate the device into a double 
buffer, one for refreshing the display and the other for 
updating the image. Another approach is to incorpo- 
rate the functions 
needed to update and refresh a 


display into a VLSI DRAM architecture. Both of these 
architectures are important in determining overall per- 
formance, but the organization of the frame buffer also 
plays an important role in optimizing its performance in 
various applications. 


Organization 


How pixel values are mapped into the update proces- 
sor's address space has a substantial 
impact on the 


speed with which the processor can alter the memory. 
Two basic types of organization are commonly used to 
store and access pixels in display memory: pixel and 
plane organization. 


Pixel Organization. 
In pixel organization, 
the storage 


cell is arranged so that all bits in a pixel are contained 
in the same word. When pixel length is shorter than 
word length, multiple pixels can be packed into each 
word. When the graphics processor accesses a word of 
display memory, all of a pixel's bits are available simul- 
taneously. 
Therefore, 
in a pixel-based 
architecture, 
frame 
buffer data is handled one pixel at a time, 


providing a technique that can quickly access individ- 
ual pixels (figure 4). 


For multiple planes, the address to the plane buffer 
generates a data word composed of pixels at the same 
location 
across multiple 
planes. Because the pixel 


problems 
regarding 
word 
alignment 
during 
image 


transfers. 
This architecture 
is often found 
in image 


processing and solid modeling applications, where the 
value of each pixel is very computation-intensive 
be- 


cause of color value or shading variations. 


Plane Organization. 
In plane organization, 
the frame 


buffer may be viewed as a number of separate planes, 
where the number of planes in the frame buffer is equal 
to the number of bits in a pixel. In a two-dimensional 
display memory, each pixel consists of one bit, which 
can be either on or off, indicating 
the presence or 


absence of a dot. Such a display memory supports a 
monochrome, 
single-intensity 
display. In a color dis- 


play, additional bits at each pixel add color and control 
the intensity. A four-bit pixel, for instance, can control 
the CRTs red, blue and green color guns, as well as the 
pixel's intensity. Each bit with the pixel corresponds to 
a separate plane. 


Planes can provide information 
other than color. For 


example, one plane can show a static picture, while 
another displays an icon that the user can drag around 
the screen with a mouse. Alternatively, it is possible to 
use a one-bit plane to mask certain regions of another 
plane. 


In plane organization, 
display memory is divided so 


that all the bits associated with one plane are stored in 
the same area of memory (figure 5). Each word, there- 
fore, comprises bits associated with only one plane. 
The display memory data is accessed one word at a 
time. Since a word is usually 16to 32 bits, the chip must 
access at least 15 unnecessary 
bits to be able to 


manipulate 
one bit with the pixel. Furthermore, 
be- 


cause of the word boundary of 16bits, a barrel shifter is 
required if image placement and movement accuracy 
are needed at the actual pixel level. 
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Plane organization 
is the most popular in engineering 


and business applications, 
because they require less 


intensive pixel computation 
but more intensive data 


creation and image movement computation. 
This ar- 


chitecture costs less and brings with it higher perfor- 
mance when large bit maps must be manipulated. 


Pixel and 
Plane Organization. Some 
applications 


need both types of access, in which case the integrated 
organization 
shown in figure 6 may be implemented. 


Access to the frame buffer can be either at word width 
or pixel depth, providing the best of both types. R:>r 


example, when pixel information such as a dot pattern 
for one plane is written to the frame buffer, a number of 
planes can be written 
at the same time using plane 


access. Because individual 
pixels can be accessed, 


word alignment when moving images is not an issue. 
Likewise, when the frame buffer is read, a number of 
planes can also be read in plane access and a number 
of pixels can be read simultaneously 
in pixel access. 


This enhances comparison 
functions 
such as color 


detection (pixel access) and pattern detection 
(plane 


access). 
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Word Alignment 


Although plane organization is implemented in a num- 
ber of popular graphics systems, restrictions 
associ- 


ated with word boundary constraints 
have limited the 


flexibility 
and performance of these systems. The pixel 


and plane combination 
solves this problem by provid- 


ing the ability to first access each pixel individually and 
then switch to plane access. 


At the graphic processor level, a number of manufac- 
turers have provided the ability to switch between pixel 
and plane access or provide a function to align word 
boundaries. Rlr example, NEC's J.lPD72120Advanced 
Graphics Display Controller'" 
provides both plane and 


pixel access. National Semiconductor's 
graphics chip 


set uses a plane organization, 
but takes another ap- 
proach to this issue by including a BITBLT(bit-boundary 
block transfer) processing unit chip that is a slave to the 
raster graphics processor and performs all the mask- 
ing, word alignment, barrel shifting, data transfer, and 
Boolean logic necessary for BITBLToperations. 


Access Modes 


The plane and pixel organizations 
provide a means of 


organizing 
the frame buffer in such a way that 
its 


performance is optimized for a number of applications. 
Also, by providing logical and arithmetic functions that 
operate on arrays of data, the transfer of data between 
the graphics processor and the frame buffer can be 
optimized. These logical and arithmetic functions can 
be implemented in the instruction 
set of the graphics 


buffer or in the architecture of the frame buffer, depend- 
ing on the application. 


BITBLT Operation 


The BITBLT instruction, 
first 
developed 
on the Alto 


system, provides a powerful capability 
for bit opera- 


tion on rectangular areas having the same heights and 
widths: 


o Moves rectangular regions of pixels and is not 


restricted to contiguous linear arrays 


o Operates at any pixel boundary and is not 


restricted to byte or word boundaries 


o Is able to mix the source and destination 
pixels 


with a Boolean logical operation and is not 
restricted to a simple replace destination with 
source transfer 


The instruction copies a source array into a destination 
array, where the destination array is derived by apply- 
ing a given logical operation called the combining rule 
to pairs of bits in corresponding 
positions in the two 


arrays (figure 7). 


The original 
concept 
of BITBLT entails a set of 16 


specific combining rules that are one of the 16Boolean 
operations defined in table 3. The AND function uses 
its source as a mask to selectively clear parts of the 
destination, 
while the OR function 
selectively 
sets 


parts of the destination. Thus the OR can be used to 
paint shapes into the refresh buffer, perhaps under 
control of a mouse or tablet. Another use of the OR 
function 
is to place text 
characters 
defined 
by bit 


arrays into a refresh buffer without changing the back- 
ground pixels around those that form the character 
itself. 
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Table 3. 
BITBLT Combination Rules 


Bit Pattern 
Boolean Expression 
Operation 


0000 
d:= 
0 
CR_O 


0001 
d := s· d 
CR_AND 


0010 
d := s· 
(d) 
CR_SND 


0011 
d := s 
CR_S 


0100 
d:= 
(5)" d 
CR_DNS 


0101 
d:= 
d 
CR_D 


0110 
d:= 
s $ d 
CRJOR 


0111 
d := s + d 
CR_OR 


1000 
d := 
(s + d) 
CR_NOR 


1001 
d:= 
(SWd) 
CR_NXOR 


1010 
d:= 
d 
CR_ND 


1011 
d:= 
«s)" d) 
CR_NDNS 


1100 
d:= 
5 
CR_NS 


1101 
d:= 
(s" (d)) 
CR_NSND 


1110 
d:= 
(S7d) 
CR_NAND 


1111 
d:= 
1 
CR_1 


Notes: 


(1) sand d are the source and destination bits. 


(2)", 
,$, 
and + are Boolean AND, NOT, XOR, OR operators, 
respectively. 


Some versions of BITBLT also use a 16 by 16 pixel 
halftone or pattern array that functions as an addition 
mask (figure 8). The halftone array can be used in place 
of the source or can be ANDed with the source prior to 
being combined with the destination. This same ver- 
sion of BITBLT also allows a clipping 
region to be 


associated with the destination. This can be used, for 
instance, to clip characters defined by bit arrays much 
more easily than if the clipping step where part of the 
viewing transformation 
process. This speed is crucial, 


especially for smooth scrolling of text by units of less 
than one character height. As the name indicates, the 
BITBLTis a block transfer operation, where the desti- 
nation is stored as an array of bytes and where each 
byte represents eight successive bits. 


PIXBIT Operation 


The implementation 
of the BITBLToperation can be a 


tricky 
endeavor. Source and destination 
areas may 


overlap; therefore, the algorithm 
must be careful to 


operate 
in an order that 
ensures data will not be 


overwritten 
before it is used. The problem is further 


complicated 
by the arranged of the frame buffer, which 


is often arranged with 16 or 32 horizontally 
adjacent 


pixels in a single word. Because regions do not neces- 
sarily fall on word boundaries, corresponding pixels in 


source and destination words may fall at different bit 
positions with the words. In order to operate on several 
pixels within each memory word in parallel, two source 
words must be available to be aligned with the data 
within the destination data word. The logical operation 
is then applied to the aligned words, and the result 
written to the destination 
location. This must be re- 


peated for each word containing a destination 
pixel. 


The PIXBLT operation 
eliminates 
the need to align 


operands on word boundaries, 
because the PIXBLT 


operation accesses pixels and not words or bytes. The 
basic PIXBLT algorithm 
supports 
combination 
rules 


(similar to those found in BITBLToperation) and auto- 
matically 
aligns the source and destination 
arrays. 


PIXBLTsoperate on multi bit pixels, which gives them a 
speed advantage over BITBLTs in color systems be- 
cause they perform the operation on all planes at once. 
They can perform 
logical and arithmetic operations, 


transparency detection, plane masking, and color ex- 
pansion. Because PIXBLTsperfor.m arithmetic 
opera- 


tions that require the processor to have the ability to 
handle carries between bits, a PIXBLT can only be 
implemented with a frame buffer that has pixel organi- 
zation. PIXBLTsare useful for performing the Bresen- 
ham anti-aliasing algorithm for line drawing primitives. 


TILE Organization 


Traditional frame buffers are designed so that sequen- 
tial memory locations lie along a scan line. To refresh a 
raster scan display, the sequential 
pixels must 
be 


provided at a very high speed. In the past, display 
refreshing required 
a significant 
percentage 
of the 


available RAM bandwidth. Video RAMs that separate 
frame buffer update cycles from video refresh cycles 
recently became available, allowing almost all of the 
RAM bandwidth to be used for image updates. 


Unlike video refresh cycles, generation of images into 
the frame buffer is not necessari Iy dependent on scan 
lines. In fact, 
many display 
operations 
manipulate 


groups of pixels having two-dimensional 
locality. This 


characteristic allows frame buffer input mechanisms to 
be organized not as scan lines but as two-dimensional 
or rectangular arrays called tiles. With this organiza- 
tion, more pixels are updated per memory cycle, thus 
increasing the data bandwidth between the scan con- 
verter and the frame buffer and increasing 
overall 


system performance. 


The number of pixels updated per tile is also a function 
of tile organization 
and the type of operation 
being 


performed. In a pixel/plane architecture, tile organiza- 
tions can be readily handled because packed pixels 
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can be sequentially 
accessed. For randomly oriented 


vectors, a square tile organization 
gives the highest 


average number of pixel updates per memory cycle. For 
horizontal vectors that include polygon fill, a tile orga- 
nization linearly in the horizontal dimension gives the 
highest number of pixel updates per cycle. 


D A tile is the maximum, simultaneous work area for 


the graphics processor. 


D The more pixels updated per cycle, the higher the 


pixel performance. 


D The number of pixels updated per cycle is a 


function of tile size. 


D The number of pixels updated per tile is also a 


function of tile organization and the type of 
operation being performed. 


Figure 9 shows an example of a one-plane buffer that 
supports 4 x 4 tiles and 16x 1tiles. The RAMhas 16data 


lines, with each of the four groups of data lines (A, S, C 
and D) able to receive a different address. The illustra- 
tion shows how data lines in the storage array map into 
the display. Note that for any 16 consecutive pixels in 
the horizontal direction, each comes from a different 
data line. Also, in any 4 x 4 group of pixels, each of the 
16comes from a different data line in the array, allowing 
access of 16 pixels to originate from either a 16x 1 or 4 
x 4 tile, based on the addresses supplied to the different 
groups of RAM.To access a 16x 1tile, all groups of RAM 
receive the same address. To access a 4 x 4 tile, each 
group of RAM receives a different 
address, namely 


ADDR,ADDR+ M,ADDR+ 2M, and ADDR+ 3M (where M 
= consecutive 
memory addresses). Which group of 


RAM gets each of these addresses depends on the 
particular 4 x 4 tile being accessed. The fact that the 
four data lines within a group always have the same 
address fixes the tiles on four-bit boundaries. 
II 
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FRAME 
BUFFER 
ARCHITECTURES 


Double Buffer Architecture 


One of the solutions 
is to divide the frame buffer into 


two separate storage arrays, where one is used to 
refresh the display and the other to update the image 
(figure 10). When the display controller 
decides to 


change the image on the screen, it switches the two 
buffers, substituting 
the new image into the refresh 


buffer and using the old refresh buffer to update a new 
image, and so forth. One of the disadvantages of this 
architecture 
is that 
it requires twice the amount of 


memory; however, it is essential to ensure a smooth 
transition 
between successive images. Even jf the im- 


age can be written within one frame cycle, the display 
must be erased between frames, causing flicker. 


Double buffering can be implemented with two meth- 
ods: either by splitting 
the available memory in pixel 


depth and using two buffers with reduced color reso- 
lution, or by splitting the x,y resolution of the memory 
and retaining full pixel depth. When the two buffers use 
entirely separate sets of memory chips, the display 
processor and the video refresh processor have com- 
plete access to their respective memories. If the buffers 
must share memory chips, little or no access improve- 
ment results, but image transition 
is smoothed. 


A 512 x 512 x 32-bit frame buffer can be treated as two 
512 x 512 x 16-bit buffers. In some cases, the lost color 
resolution can be regained in the video output chain. 
The advantage of the pixel depth-splitting 
approach is 


that the system can be used as a single-buffer system 
for full color applications, 
and as a double-buffered 
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system with reduced color resolution for applications 
that may not need full-color capability. 


In systems with at least twice as much memory resolu- 
tion as the desired output resolution, double buffering 
is accomplished 
by treating the memory as if it were 


two or more distinct buffers of the desired size. In some 
systems, x,y memory storage resolution is larger than 
the maximum displayed resolution, e.g., as in a 1024x 
1024 storage array in which only 512 x 512 can be 
displayed at any time. 


Correctly designed addressing and window circuitry 
allow the use of different quadrants of the memory as 
multiple buffers. In a system that doesn't have a sepa- 
rate z buffer, an additional advantage is realized: one 
quadrant of memory that isn't displayed can be used to 
store z values for a z buffer hidden surface algorithm. 
The double-buffer architecture provides a solution to 
the display processor/frame buffer bandwidth problem, 
but at the expense of additional cost and complexity. A 
much more classical solution to this bandwidth prob- 
lem is found in dual-port architectures. Such an archi- 
tecture 
is provided 
by a dual-port 
graphics 
buffer, 


which consists of a random access port (similar to a 
typical DRAM) and a serial output port. 


Dual-Port Graphics Buffer 


The fundamental structure of a frame buffer is that of a 
dual-port 
memory in which one port is used to read 


memory values at high speed for displaying and the 
other port is used by an update processor to change 
the display image by changing the memory contents 
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(figure 11). To update the processor, the frame buffer 
behaves like all other memory in the system. It re- 
sponds to each request to read or write a byte, a word, 
or multiple 
words as required. The display 
port 
is 


controlled 
by a video generator, which 
reads from 


memory the pixel values that correspond to the raster 
scanning pattern 
used on the display. The size and 


speed of the frame buffer must be chosen to match the 
properties of the display. 


The display processor accesses the dual-port graphics 
buffer via the random access port, and it performs a 


Display 
List 
Interpreter 


data transfer from the random access port to the serial 
port when the display needs to be refreshed. The serial 
port consists of a large video shift register. The address- 
ing of the memory is arranged so that a row of the 
memory chip contains bits that describe adjacent pix- 
els on a scan line. The shift register is loaded at the 
beginning of the scan line, and then shifted to obtain 
the values of subsequent 
pixels. Because the shift 


register can only operate at 33 MHz, several chips are 
usually operated 
in parallel, and a final high-speed 


video multiplexer produces values at pixel rates. II 


Frame 
Buffer 
SCanner 


Frame 
Buffer 
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The shift register in a dual-port 
graphics 
buffer in- 


creases the bandwith available relative to a typical RAM 
chip by a factor of 6 to 8 in a way that directly benefits 
frame buffer display designs. Fordisplay refresh cycles, 
512 bits are obtained with a single row access cycle, 
and therefore almost 100%of the normal row/column 
accesses can be devoted to the update port. Only 
infrequently must the update accesses be suspended 
so that a row address can reload the shift register. 


Several system-oriented 
features were incorporated 


into the 64K x 4 dual-port graphics buffer architecture, 
including a mask function that provides the ability to 
alter some of the pixel values while leaving the remain- 
ing pixels unchanged. Current applications 
often re- 


quire updating only one bit on a pixel. Conventional x4 
memory devices must perform the same operation on 
all four bits. The system must execute a read cycle, 
update the desired data bits, and then execute a write 
cycle or provide an extended read-modify-write cycle. 


The dual-port graphics buffer provides a write-per-bit 
option that can be set as part of a write cycle without 
any increase in cycle time over a standard read or write 
cycle (the write-per-bit 
feature is also being imple- 


mented on standard DRAM products). Standard dual- 
port graphics buffers also are able to load the serial 
register from the random access port without stopping 
the serial cycle. This feature is called real-time data 
transfer. Information 
can be transferred 
during mid- 


scan or during the retrace interval. A single memory 
device can now contain multiple segments of a scan 
line. This feature, combined with the ability to define 
the starting location of the serial port (pointer control) 
greatly simplifies the control logic required for scroll- 
ing and hardware windows. 


Some general themes pertaining to the design of all 
frame bUffers, although their implications 
for each 


application may differ. 


o Organize the memory to provide sufficient 


bandwidth for both the display and update ports. 
While it is tempting to skimp, it generally leads to 
poor performance because the image cannot be 
changed fast. If the bandwidth for the two ports is 
equal, then the entire image can be changed in 
one frame cycle. 


o Organize the update port to access the pixel data 


required. For example, if an application often alters 
only a single plane of memory at a time, a pixel 
access architecture is inefficient because each 
memory access yields all bits of a pixel rather than 
just the plane needing to be changed. 


o Organize the memory so that the spatial 


organization of the update port accesses those 
pixels that often need to be changed. The 
conventional organization, which alters a 
horizontal group of pixels in one access. is 
inefficient for writing thin vertical lines in the frame 
buffer. 


o Design the update port in conjunction with the 


processor that will use it. 


Special Features of a Dual-Port Graphics Buffer 


As the dual-port graphics buffer market has matured, 
manufacturers 
have created products that increased 


the number of on-chip features (table 4), thereby reduc- 
ing display processor workload and increasing overall 
system 
performance. 
This trend 
has continued, 
as 


evidenced 
by designs for 
contemporary 
dual-port 


graphics buffers. 


Flash Write Feature. Flash writing 
uses one of the 


dual-port graphics buffer's designated special feature 
pins. In the case of NEC's 256K x 4 JlPD42274,pin 22 is 
defined 
as FWE for flash write enable. This feature 


allows the user to erase and/or write to the display in a 
much faster time than is required using the conven- 
tional method, thus enhancing applications that clear/ 
write the entire display screen (figure 12). The flash 
write feature 


o Allows an entire row of scan line data to be written 


in one operation 


o Is initiated by a special function FWE pin 


o Updates screen data more quickly than in 


conventional write cycles 


In a standard dual-port graphics buffer, a unique row 
and then a unique column are decoded from the ad- 
dress and a single memory cell is written. In this cycle. 
all the column decoder outputs are enabled, allowing 
all 
the 
bits 
in 
the 
selected 
row 
to 
be 
written. 


Device 
"PD42273/ 
TC524256A1258A 


Features 
"PD42274 
"PD42275 
TC524256 
TC528128A 
TMX44C251 
MB81C4251/3 
HM534252 
HM534253 
M5M442256 


Vendor 
NEC 
NEC 
Toshiba 
Toshiba 
TI 
Fujitsu 
Hitachi 
Hitachi 
Mitsubishi 


Configuration 
x4 
xS 
x4 
x4 
xS 
x4 
x4 
x4 
x4 
x4 


256A 
258A 
12SA 


Fast-Page 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Flash Write 
NoNes 
Yes 
No 
No 
Yes 
Yes 
No 
Yes 
No 
Yes 
Yes 


Serial Buffer 
Single 
Split 
Single 
Single 
Split 
Split 
Split 
Single 
Single 
Double 
Split 


Serial Input 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Block Write 
No 
Yes 
No 
No 
Yes 
Yes 
Yes 
No 
No 
No 
Yes 


Raster 
No 
No 
No 
No 
No 
No 
No 
No 
Yes 
No 
No 
Operation 


600-mil, 
2S-pin DIP 
No 
N/A 
No 
No 
No 
No 
Yes 
No 
No 
No 


400-mil, 
Yes 
N/A 
Yes 
Yes 
N/A 
Yes 
Yes 
Yes 
Yes 
Yes 
2S-pin ZIP 


400-mil, 
Yes 
N/A 
Yes 
Yes 
N/A 
Yes 
No 
Yes 
Yes 
Yes 
2S-pin SOJ 


600-mil, 
N/A 
No 
N/A 
N/A 
Yes 
N/A 
N/A 
N/A 
N/A 
N/A 
40-pin 
DIP 


400-mil, 
N/A 
Yes 
N/A 
N/A 
Yes 
N/A 
N/A 
N/A 
N/A 
N/A 
40-pin 
SOJ 


Bounded Flash Write Feature. Although flash writing 
provides a means for clearing/writing a screen very 
quickly, it can't be used in the window environment 
popular in today's graphics market. In conventional 
flash writing, no option exists to write to only a seg- 
ment of the row that will be needed in a window 


environment.The bounded flash write feature can pro- 
vide this function by allowing the user to specify the 
segment of the scan line to be accessed (figure 13). 
Bounded flash writing has not been implemented in 
dual-port graphics buffer architecture, but it deserves 
some consideration in today's x-window era 
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Block Write Feature. Many frame buffer designs ad- 
dress specific performance requirements, but the prob- 
lem lies in optimizing 
the architecture 
of the display 
processor 
with 
the kinds of features that 
may be 
needed 
for 
a general-purpose 
dual-port 
graphics 
buffer architecture. Forexample, the BITBLToperation 
that many graphics processors use to implement win- 
dowing applications 
is used to transfer blocks of data 


from a source array to a destination 
array of equal 


height and width. 
Because this operation 
moves a 
square block of data, system bus performance can be 
enhanced if the graphics buffer was able to store data 
in a block format, rather than in four separate sequen- 
tial scan lines (figure 14).Unlike bounded flash writing, 
the block move feature has been implemented in sev- 
eral dual-port graphics buffer architectures. 


Persistent 
Write-Per-Bit 
Feature. The write-per-bit 


feature 
is a standard 
option 
of dual-port 
graphics 
buffers, but in some applications, 
system timing con- 


siderations prohibit the use of this function because of 
the additional 
overhead required to supply the mask 
data on each write cycle. The persistent write-per-bit 
feature solves this problem by permitting mask data to 
be written only once (figure 15). 


Extended Fast-Page Cycle. The display processor-to- 
frame buffer bandwidth is a key issue in determining 
performance 
of a graphics system. The trend in dual- 


port 
graphics 
buffers has been to follow 
standard 


DRAM eVOlution, expanding 
memory 
capacity 
with 


each new generation. In many cases, organization and 
not capacity determines bandwidth of the frame buffer. 
Therefore, a wider x8 organization would enhance sys- 
tem bandwidth 
and reduce the number of dual-port 


buffers needed in frame buffer design. 


Another approach is to provide high-speed access such 
as the fast-page cycle implemented on the 256K x 4-bit 
generation 
of dual-port 
graphics buffers. Bandwidth 


requirements of fast-page cycles may be inadequate in 
some applications. 
The popularity 
of RISC architec- 


tures has created a demand for synchronous pipeline 
operation, 
for which 
extended 
fast-page 
access is 


being proposed. 
This feature interlaces the internal 


accesses of the dual-port graphics buffer and latches 
the data on-chip so that 
it can then be accessed 


synchronously, 
reducing the page access time from 


60 ns to 30 ns. Extended fast-page access means that 
frame buffer designs wiII be able to increase bandwidth 
without increasing the size or cost of the device. 
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Data Input Buffer Register 


Mask Register Enable 


Logic and Arithmetic 
Functions 


The BITBLToperation has been defined as a means of 
copying 
an array of equal height and width from a 


source array to a destination array. Additionally, there 
are a number of combination rules that define how the 
source data is combined with the destination 
data to 


form the new values. There is also a third form called a 


II 


pattern array that can be combined with the source 
toproduce 
a replicate 
pattern 
over the destination. 


Another name for BITBLTis RASTER-OP(figure 16).This 
nomenclature is pertinent to dual-port graphics buffers 
because it has been implemented in devices such as 
the NEe pPD42232'" 
and the Hitachi HM53462'" (in 


which it was first introduced). 


AddressAO-A3 -------~D~----1J 
In Command 
Set Cycle 
~I ------------ 


~ 


Exclusive-OR 


~ 


OR 


~ 


AND 


Source 


~ 


The function can be implemented by inserting a logic 
unit between the input/output 
buffers and the internal 


input/output 
bus amplifier (figure 17). The logic unit is 


controlled 
by a 4-bit code that defines one of the 16 


combination 
functions. 
NEC's pPD42232 approach to 


on-chip RASTER-OP involves the addition 
of a third 


input to the logic unit, a pattern function. This approach 
is compatible 
with the classical implementation 
of 


BITBLT,but the number of combination 
functions has 


been increased from 16to 256 on the NEC device.Logic 
functions 
provided by the RASTER-OPoperation 
are 


Destination[I 


useful in two-dimensional 
graphics systems, but with 


the increasing development of three-dimensional 
sys- 


tems 
that 
require 
hidden 
surface 
removal, 
three- 


dimensional polygon filling, etc., there is a requirement 
for much more powerful computational 
functions. Sev- 


eral contemporary graphics processors provide a num- 
ber of pixel processing operations intended to address 
the requirements of three-dimensional 
systems. 


One example is the pixel-planes graphics engine archi- 
tecture, which replaces the rasterizer, frame buffer, and 
video controller 
of a conventional 
system. Its main 
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component 
is a "smart frame buffer" composed 
of 


custom VLSI enhanced memory chips that address the 
computational 
problem with a highly parallel processor 


that mimics a processor per pixel. The memory band- 
width bottleneck is overcome by intimately connecting 
processing circuitry 
and memory. Figure 18 shows a 


block diagram of the arithmetic logic unit, where logical 
operations 
are performed by a one-bit address with a 


multiplier on each of its three inputs. The pixel-planes 
architecture 
represents a trend in high-end graphics 


architectures 
that 
optimizes 
the 
graphics 
pipeline 


primitives by creating a smart frame buffer capable of 
performing 
computational 
functions 
and using con- 
current operations. 


Word Alignment in Dual-Port Graphics Buffers 


An important 
issue in plane-organized 
graphics sys- 


tems is aligning word boundaries. Although alignment 
functions exist in contemporary 
graphics processors, 


graphics systems designed for the low-end market may 
not be able to justify the cost of a high-end processor. 
One solution is to provide a dual-port graphics buffer 
with both plane and pixel access capabilities. An alter- 
native solution 
is to include a barrel shifter function 


(figures 19 and 20). Both approaches are nonstandard 
but could be considered for an application-specific 
design that distributes 
some of the processor's func- 


tions to the frame buffer. 
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Special Serial Port Features 


High 
performance 
graphics 
applications 
require 


screen refresh rates in the range of 60 to 72 Hz; also 
full-resolution 
stereoscopic displays require twice this 


refresh rate, 120 Hz. In order to be able to accommo- 
date these high rates, a very fast serial access cycle is 
required. A data transfer cycle to load data from the 
dual-port graphics buffer into its serial access memory 
requires use of the random access port. Forexample, a 
fast-page cycle must be in progress before a data 
transfer cycle can occur, which means it would be good 
to reduce the number of times that serial access mem- 
ory must be loaded. 


Alternatively, if the data from the random access port 
could be loaded into an idle part of the serial access 
port, the serial access port would not be interrupted. 
This could be accomplished 
with the use of a split- 


buffer serial port architecture, 
which separates the 


serial port into two equal halves, allowing concurrent 
data transfers from the random access port while the 
serial port transfers data to the display, thus increasing 
pixel bandwidth. 


Another advantage of using a split-buffer architecture 
is that tile boundaries can be crossed in real time. For 
example, a frame buffer organized into 16x 16tile can 
be access by two dual-port graphics buffers. The left 
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half of the split buffers of devices 1 and 2 (figure 21) is 
used to fill tile A, and the right halves are used to fill tile 
B, and so forth. Because the data transfer is done on 
tile boundary, the unused or off-screen memory in the 
device is one linear array, allowing the system to use 
the memory of other functions such as z buffers. 


Serial Input. Serial input has been offered as a stan- 
dard feature in a number of 64K x 4 and 256K x 4 
dual-port graphics buffers, and can be used in image 
processing applications 
as an input port to store serial 


pixel data The serial port can also be used to transfer 
data between two planes while the display is not being 
updated, bypassing the random access port 
buffer. 
Although it wasn't considered an essential feature in the 
past, developing applications indicate a need for serial 
input. 


When both serial input and output functions exist in a 
dual-port graphics buffer, the serial port can execute a 
pseudo-write transfer cycle, which switches the serial 
port from serial output to serial input with no actual 
data transfer taking place between the dynamic and 
static RAMs.This feature is useful in an alternating shift 
sequence where the dual-port graphics buffer is writing 
and reading data on the serial bus. 


Serial Port Organization. 
The number of serial input! 


output pins has a direct relationship on the pixel band- 
width 
and 
number 
of 
dual-port 
graphics 
buffers 


needed to update the display. A typical system that 
displays an 8-bit word horizontally on the screen might 
need a final pixel rate of 120 MHz. If the serial port is 
organized with a x8 port operating 
at 30 MHz, NMOS 


and CMOS devices can be used together with an 8:1 
multiplexer for updating the display. The disadvantage 
of using a wider serial port is larger package size, 
higher power requirements, and increased noise. 


The job of the video generator is to fetch pixel values 
from the display port, convert them to analog VOltages, 
and pass the results to the display monitor where they 
will control 
the intensity 
of one or more electronic 


beams. The video generator also creates synchroniza- 
tion signals used by the display monitor to coordinate 
the beam's sweep across the screen with the arrival of 
pixel data 


Video Lookup Tables. In addition to proViding a digital- 
to-analog conversion function, the video generation 
circuit 
almost always provides a RAM-based lookup 


table that performs two functions: 
it allows greater 


precision 
in intensity 
or color values than 
can be 


represented in the frame buffer directly, and it allows 
certain kinds of dynamic displays because the table 
can be changed more rapidly than the contents of the 
entire frame buffer. 


A pixel's color is determined by the bits stored at the 
pixel's address in the frame buffer. The pixel's contents 
don't drive the digital-to-analog converter directly; they 
are pointers to colors in a RAMlookup table. The width 
of the lookup table in a triple digital-to-analog converter 
formation is three times the resolution of the devices. 
The first third of the lookup table entry controls the red 
digital-to-analog 
converter, the second 
controls 
the 


blue, and the third controls the green. The number of 
bits in memory 
controls 
the total 
palette size. Rx 


example, three 6-bit digital-to-analog 
converters will 


result in an 18-bit wide lookup table, allowing a total 
palette size of 262,144colors. 
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Color resolution is determined by the number of bits 
per pixel. Eight bits per pixel gives a markedly better 
picture than four bits per pixel; however, 24 bits per 
pixel provides true color. More than 256 colors can be 
displayed on the screen at once by changing the color 
associated with each address in the lookup table. The 
colors can be changed as often as once every scan 
line. This technique is called "pseudocolor." 


Lookup tables may have separate registers for gener- 
ating overlays, which provide a means of generating an 
image separate from the frame buffer. The overlay 
registers are controlled 
by the system processor, and 


allow the system software to control the system graph- 
ics elements independently from the application 
soft- 


ware graphics. System software displays basic, rela- 
tively unchanging graphics elements such as cursors, 
screen frames, and system messages. Application soft- 
ware manipulates a variety of changing graphical infor- 
mation. By overlaying one or more separate graphics 
planes 
displaying 
system 
information, 
the 
time- 


consuming task of updating the frame buffer can be 
avoided (figure 22). 


Digital- To-Analog 
Converters. 
The digital-to-analog 


conversion portion of the video generation circuit con- 
verts the digital output of the lookup table into analog 


Address 
MUX 
And 


Pixel-Read 
Mask 


Register 


circuits 
that are used to drive the display monitor. 


These converters are specified regarding their organi- 
zation (e.g.,triple 6-bit, single 8-bit, etc.) and the speed 
at which they can operate. Figure 23 shows the rela- 
tionship 
between 
screen 
resolution 
and 
digital-to- 


analog converter bandwidth. A number of manufactur- 
ers produce both triple and single converters, up to a 
speed of 360 MHz. If greater speed is required, a dis- 
crete bipolar circuit needs to be designed. 
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Introduction 


computer-generated 
images that rival color photogra- 


phy in all of its nuances of color, shading, reflectance 
and translucency is in demand by a growing number of 
users. This application 
note will discuss the algorithms 


able to generate these effects, which have been inte- 
grated into a variety of systems with impressive results. 


Three-Dimensional 
Graphics 
System 


In a three-dimensional 
system, the object rendered is 


described as a mathematical 
model that holds primi- 
tives such as lines, polylines, and polygons in a display 
list. Traversing the display list produces a sequence of 
data in world coordinates. 
Often this data represents 


polygon 
vertices, 
but 
it can also represent control 


points for parametric 
surfaces 
and other data that 


must be converted to a polygonal approximation of the 
surface. 
Polygons 
expressed 
in three-dimensional 


world coordinates transform geometrically 
into a form 


suitable for display on a two-dimensional 
raster device. 
Transformations 
include 
three-dimensional 
to 
two- 


dimensional 
projection, translation, 
scaling, rotation, 
perspective 
projection, 
and clipping. The result is a 


series of polygon vertices supplied in coordinates for a 
specific CRT. 


The polygon vertices and their associated color data 
are interpolated 
to determine the pixels to be illumi- 


nated and the color to be displayed, while depth (z 
axis) information 
is interpolated 
to determine which 


polygons are obscured from the observer's view. Color 
values are written to the frame buffer and depth values 
to the z buffer which, with its associated 
hardware, 
supplies hidden surface removal. Finally, each pixel 
from the frame 
buffer 
is sequenced 
in the line as 


required by the CRTand converted to an analog signal. 


Although a basic three-dimensional 
system can render 


a realistic 
image, special functions 
are required to 


Figure 1. 
Basic Three-Dimensional Pipeline 


Three-dimensIonal 
World Coordinate 
Output Primitives 


produce subtleties of color, shading, shape and trans- 
lucency. These functions 
must be able to model the 


behavior of light with different 
levels of complexity, 


provide methods for creating realistic surface textures, 
compensate for the limitations 
of the display technol- 


ogy, and provide techniques for rendering natural ef- 
fects such as terrain and clouds. 


Two- and Three-Dimensional 
Image Processing 


Three-dimensional 
graphics is an order of magnitude 


more complex 
than two-dimensional 
graphics, 
and 


while a detailed description 
of its specifics is beyond 


the scope of this paper, some aspects pertain to this 
discusssion. 


The viewing pipeline in two-dimensional 
graphics in- 


volves transformations 
from two-dimensional 
coordi- 


nates, world coordinates, 
normalized 
device coordi- 


nates, and device coordinates. 
Moreover, the objects 


may be transformed 
at one of the stages by some 


combination 
of translation, scaling, and rotation. 


In t.hree-dimensional 
graphics, the pipeline 
is more 


complex because there is a projection stage, where the 
three-dimensional 
world 
coordinates 
in which 
the 


scene 
is 
described 
are 
projected 
onto 
a 
two- 


dimensional projection plane. Conceptually, objects in 
the three-dimensional 
world are clipped against the 


three-dimensional 
view volume and then projected. A 


view volume is specified 
in world coordinates, 
in a 


projection onto the projection plane, and in a viewport 
on the surface. The contents of the window, which is 
i~selfthe projection of the view volume onto the projec- 
tion 
plane, are then mapped 
into the viewport 
for 


display. Figure 1shows this process, which is the model 
used in numerous three-dimensional 
graphics subrou- 


tin~ packages. As with two-dimensional 
viewing, a 


variety of models can be used for actual implementa- 
tion of the viewing process. 
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Transform 
into Viewport 
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Device Coordinates 


Transform 
Into 


Physical Device 
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Given the specification 
of a view volume and a projec- 


tion, there is a need to understand how the clipping 
actually is done and how the projection is applied. It is 
possible to clip lines against the view volume by first 
calculating their intersection with each of the six planes 
defining 
the view volume. Lines remaining after the 
clipping 
process would be projected 
onto the view 
plane by simultaneously calculating the intersection of 
the projectors through their end points with the view 
plane. The coordinates 
would then be transformed 


from three- into two-dimensional 
world coordinates. 


To be able to include three-dimensional viewing opera- 
tions 
in a standard 
graphics 
package, two sets of 
capabilities must be added: output primitives in three- 
dimensional coordinates, and specifications 
of planar 


geometric 
projections. 
Output 
primitives 
in three- 


dimensional world coordinates are straightforward 
ex- 


tensions from the two-dimensional 
primitives. A third 


parameter, the z coordinate, is added to the procedure 
call. The perspective projections in a graphics package 
allow viewing from a number of perspectives, including 
from the center of a projection, from a view plane, from 
a window on the view plane, and from a viewport on the 
view surface. 


The 
extra 
complexity 
introduced 
with 
three- 


dimensional 
viewing is caused by the fact that the 


display devices are only two-dimensional. The solution 
to the mismatch 
between three-dimensional 
objects 


and two-dimensional 
displays is solved by introducing 


projections, 
which transform 
three-dimensional 
ob- 


jects onto a two-dimensional 
projection plane (figure 


2). The large number of calculations 
required for this 


process, repeated for many lines, calls for considerable 
computing. 


Figure 2. 
Three-Dimensional Viewing Process Extended to Include Two-Dimensional 
Image Transformations 
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Table 1 identifies and defines the specifications 
for a 


three-dimensional 
projection. Figures 3, 4 and 5 are 


corresponding 
examples. 


uvCoordinate 
System 


u Axis Direction 


v Axis Direction 


Center of Projection 


View Plane 


View Plane Distance 


View Plane Normal 


View Reference Point 


View Up Vector 


View Volume 


Description 


System by which a window 
is defined 


The direction 
of u, v and the view plane normal when positioned 
to form a left-hand coordinate 
system 


Coincident 
with the projection 
of the view up vector 
parallel to the view plane normal onto the view plane 


Helps define the view volume and is specified 
in world coordinates 
relative to the view reference point 


Plane on which the scene is to be projected 


Distance of the view reference point to the view point along the view plane normal 


Is used to specify the view plane 


Source of u axis and vaxis 
in the uv coordinate 
system 


Determines the v axis direction; 
its projection 
parallel to the view plane normal is coincident 
with the v axis 


Bounds the portion 
of the world that will be clipped and projected, 
and is defined 
In part by the window 


Figure 3 illustrates how the v-axis direction on the view 
plane is determined. The v-axis direction coincides with 
the projection of the view up vector parallel to the view 
plane normal. 


Figure 3. 
uv System in the View Plane 
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The view reference point, view up vector, and view plane 
normal are specified in the left-hand world coordinate 
system. With the IN system defined on the view plane, 
it is possible to specify the window's 
minimum and 


maximum u and v values, as shown in figure 4. Notice 
that the window need not be symmetrical about the 
view reference point. 


View:m,umax.vmaxl 
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For perspective 
projections, 
the center of projection 


also helps to define the view volume. The center of 
projection is specified in world coordinates relative to 
the view reference point. The view volume is a semi- 
infinite pyramid that slides through the window, with its 
apex at the center of projection. 
Figure 5 shows the 


perspective projection view volumes. Positions behind 
the center of projection 
are not included in the view 


volume and will not be projected. 


Figure 5. 
Sem~/nfinitePyramid View Volume 
for Perspective Projection 


Anti-Aliasing 


No matter how sophisticated the object model, it can- 
not overcome the consequences of sampling a contin- 
uous scene with a finite number of elements. Such 
sampling is an inevitable outcome of the very raster 
graphics 
technology 
that 
has made shaded 
image 


generation 
possible. A raster display consists 
of a 


rectangular array of spots, each of which can be con- 
trolled in intensity by the CPU. The actual image is a 
continuous intensity function of x and yon the screen; 
the pixels are regularly spaced samples of this contin- 
uous function. In any sampled data system, problems 
arise if the resolution of the continuous function is the 
same as or smaller than the spacing between samples. 
This phenomenon, known as aliasing, is visible on CRT 
screens as jagged lines, or jaggies. It is particularly 
apparent 
on lines and curves 
angled 
close to the 


horizontal 
and vertical 
axes, and often appears in 
images displayed 
on screens with low to moderate 


resolution (figures 6 and 7). 


Generally, aliasing can be found in at least three types 
of graphics: (1) in jagged edges of straight lines and 
polygon boundaries, (2) in objects smaller than pixel 
size or in objects containing very thin lines or polygons, 
or (3) in complex scenes containing a lot of fine detail. 
Unless special measures are taken, the fine detail is 
either totally lost or distorted beyond recognition. 
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The solution is to eliminate high frequency information 
before sampling the picture. Visually this means blur- 
ring the picture. Mathematically 
it means the intensity 
of a picture should be more than jusrthe point to which 
it corresponds in the continuous picture; it should be 
some weighted average of the intensities surrounding 
the point. The anti-aliasing process requires the weight- 
ing function at each pixel to be multiplied by the ideal 
intensity function, the results integrated, and the result 
used as the displayed 
intensity. Perhaps the most 
obvious anti-aliasing technique is to sample the image 
at a resolution higherthan the one used for display, and 
average down to the true pixel level. Elementary statis- 
tical theory 
shows that the average values contain 
more information 
about the true image than if the 
sampling 
had been performed 
at display resolution 
size. 


Aliasing occurs especially when the intensities in the 
scene change sharply 
within 
a region, for 
it is in 
precisely such regions that the sampling rate is not 
high enough to capture the changes. The idea of filter- 
ing is directly based on the idea of a pixel covering a 
finite area of the scene. A filter applied to the scene 
definition has the effect of spreading, theoretically, the 
influence of the scene intensities to all pixels covering 
the scene. In this way, every part of every object makes 
some contribution 
to each of the pixel intensities of the 
final image. 


Visibility 


A three-dimensional 
scene is usually defined within a 
computer as a collection of objects, each of which may 
be described as a series of points and lines, or possibly 
as a set of polygons. Each of these by itself is easy to 
display. Using the transformation, 
perspective, 
and 
clipping algorithms described earlier, a system can plot 
these individual 
pieces on the display. However, in 
cases where there are a large number of objects, some 
may be positioned so asto obscure the eye point's view 
of others. This is referred to as the hidden line or hidden 
surface problem, depending on whether the eventual 
end product is a line drawing or a shaded rendering of 
the scene. 


Solutions to this problem have typically required large 
amounts of computing 
time. Compared to the work 


involved in computing transformation, 
perspective and 


clipping algorithms, the hidden surface calculation 
is 
usually the dominant 
cost in such a program. The 
former calculations 
depend only on an individual ob- 


ject, not on its relationship to the other objects in a 
scene. Thus the amount of work is roughly proportional 
to the number of objects within the scene. However, 


hidden surface removal requires that each object be 
compared to every other object. 


The various surfaces of an object to be shown in hidden 
surface or hidden line form must be sorted to find which 
ones are visible at various places on the screen. Sur- 
faces may be sorted by lateral position in the picture 
(X,y) , by depth (z), or by other criteria 
To reduce the 


amount of sorting, each hidden surface algorithm must 
use some property of coherence of the objects repre- 
sented. A picture 
is coherent 
not only 
because 
it 


consists of flat faces, but also because those faces 
relate to each other to form objects. A number of hidden 
surface algorithms have been developed by systemat- 
ically looking for additional kinds of coherence and by 
sorting orders and types. 


Hidden line or hidden surface removal algorithms have 
been separated into three categories. First, there are 
the algorithms operating in object space independent 
of the type of device used, whose different steps oper- 
ate directly on the vertices of the face. The object space 
of an image is the set of primitives 
such as lines, 


polygons and spheres that compose the scene to be 
depicted. The object space meth9ds attempt to solve 
the problem geometrically 
in the three-dimensional 


space of the scene definition. 


The second category 
of algorithm 
assumes that the 


number of points composing the projection 
plane is 


finite and generally coincides with the raster display 
resolution. Image space of a scene, i. e.,the set of raster 
elements (pixels) of the display, contains a fixed num- 
ber of elements equaling the resolution of the display. 
Image space algorithms are specifically 
designed for 


modern 
raster graphics 
image generation 
and are 


more popular and widely used than the object space 
algorithms. 


The last category, the so-called 
"list 
priority" 
algo- 


rithms, are generally characterized by a sorting step in 
object space and a display in image space. The sim- 
plest and fastest hidden surface algorithm is known as 
the Z buffer algorithm. Other examples are the polygon 
scan conversion algorithm and the divide and conquer 
algorithm. 


Z Buffer Algorithm and Hidden Surface 
Removal 


Hidden surface 
removal is possible with 
an image 


space algorithm called the Z buffer algorithm. Of all the 
complex algorithms addressing hidden line and sur- 
face removal, none are as straightforward 
as this one 


because it maintains color as well as depth (z) informa- 
tion at each pixel. A refresh buffer stores intensity 


NEe 


values, and the z buffer array stores depth values 
corresponding to the pixels currently set. 


The z buffer must. have the same dimensions as the 
display frame buffer. All locations 
in the z buffer are 


initialized to the value perceived by the viewer to be the 
farthest 
behind the screen, while the corresponding 


display pixels are set to the required background color. 
As each polygon 
is rasterized, the z values for the 


resulting 
pixels are compared 
individually 
with the 


previously stored zvalues. The new zvalue iswritten to 
the z buffer, and the new associated color is written to 
the frame buffer. If the new z value is larger (i.e.,farther 
away), then neither buffer is modified. 


The obvious advantage of this algorithm is that it is 
computationally 
simple, and its performance 
is inde- 


pendent of the complexity 
of the scene in terms of 


visibility. Its running time is proportional to the number 
of polygons to be processed, and not to the relation- 
ship between the polygons. A disadvantage 
of the 


method is that it requires a large amount of memory to 
maintain the z buffer. For example, for a 512 by 512 
display, the z buffer size is a megabyte of memory if the 
z value precision of 16 to 20 bits would suffice. In any 
case, the relatively 
low cost of memory allows the 


realistic marketing 
of fast access z buffer hardware 


memory boards, which is perhaps the ideal solution. 


Scan Line and Area Subdivision Algorithms 


Scan line algorithms operate in image space to create 
an image one scan line at a time. This approach is an 
extension of the polygon scan conversion algorithm 
and thus uses scan line coherence and edge coher- 
ence. The difference between the two methods is that 
all the polygons that define an object are involved. The 
algorithm performs a y sort, and then an x sort, and 
finally a z depth search to establish the visible face. In 
the scan line method, the dimensions are first reduced 
to two at the intersection of the plane through the scan 
line, parallel to where the z axis intersects the scene, 
and then reduced to one by considering only the line 
segments on the plane with minimum z values. A z 
buffer based on polyhedral surfaces also makes use of 
depth coherence to improve speed of computation, 
whereas the scan line method is based on edge and 
scan line coherence. 


Another method, the area subdivision 
or divide and 


conquer 
algorithm 
departs from strategies 
used in 


other algorithms in that it is based on area coherence 
and solves the general sorting problem by attempting 
to avoid it altogether. An area of the projection plane 
image is examined, and if it is easy to decide which 


polygon or polygons are visible in the area, the appro- 
priate ones are displayed. Otherwise the area is subdi- 
vided 
into smaller 
areas and the decision 
logic is 


recursively applied to each of the smaller areas. As the 
areas become smaller, fewer and fewer polygons will 
overlap, and ultimately a decision will be possible. 


This algorithm clearly takes an image space approach 
by exploiting area coherence, Le., the tendency for at 
least the small areas of an image to be contained in a 
single polygon at most. Area coherence means that 
pixels close together are likely to correspond to the 
same object and have a similar color, which is the 
underlying assumption of the algorithm. This algorithm 
generally performs less efficiently 
than the scan line 


method, because it involves more work to sort things 
out when projections of polygons overlap. 
II 


Shading 


After hidden surfaces have been removed, the next 
step in creating a realistic image is to shade the visible 
surfaces, taking into account the light source, surface 
Characteristics, and positions and orientations 
of the 


surfaces and sources. Graphics system designers have 
been developing lighting and shading models for ren- 
dering graphics images at different levels of realism. 
This involves some understanding 
pf the fundamental 


properties of the humam vision system. Unlike a pho- 
tograph of a real world scene, a computer-generated 
shaded picture is made from a numerical model stored 
in the computer as an objective model. The goal of the 
shading model isto provide realistic images of surfaces 
for which the illumination 
of a surface depends on its 


orientation. If it is normal to the incident light rays, the 
surface is brightly illuminated. 
The more oblique the 


surface is to the light rays, the less the illumination. 
This variation 
in illumination 
is a powerful cue to the 


three-dimensional 
structure of an object. It would be a 


waste of modern day computer graphics resources if 
color-generation 
techniques were not used to their full 


capacity. Shading is one of these techniques. 


Light Models 


In 1975, Bui-Tuong Phong proposed a light model for 
specular reflection that has since been termed Phong 
shading. This model specified how light reflects from 
glossy surfaces such as billiard 
balls, apples, china, 


and as an extreme, mirrors. Before this model,lightwas 
modeled on how it reflected from a perfectly diffused 
surface, Le., one that reflects light equally in all direc- 
tions (figure 8). 
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When planar polygons are used to approximate curved 
surfaces, greater realism can be achieved by an inter- 
polation scheme introduced by Gouraud. This scheme 
is 
called 
Gouraud 
smooth 
shading, 
or 
intensity- 


interpolation shading. In flat shading, a single intensity 
value for shading the entire polygo'n face is calculated, 
a single surface-normal 
vector 
is defined 
for each 


represented polygon, and each polygon is shaded with 
a single color. This is a reasonable approach to shading 
flat surfaces where the intensity of the light reflected 
from the surface is held constant over the entire sur- 
face. 


Gouraud shading provides smooth shading through a 
linear interpolation technique in which surface-normal 
vectors are computed at the vertices or corners of each 
face of a polyhedron. Fir.st,surface normals are calcu- 
lated. Subsequently, vertex normals are computed by 
averaging the surface normals of all the polygon faces 
common to the vertex. Each of these vertex normals are 
used to compute a vertex shade, and then the shade 
inside the particular polygon face is interpolated from 
the vertex shades. Each polygon is shaded along each 
edge and then between edges along each scan line. 


Phong shading is a complex algorithm that computes 
the intensity 
value of each pixel of a polygon face 


according 
to how that point is oriented to the light 


source(s). 
Phong's was the first 
shading 
model to 


achieve realistic highlights using interpolation 
of sur- 


face normals and an approximation 
of specular reflec- 
tion. The Phong shading model entails interpolated 
surface-normal 
vectors across the polygon face-as 
opposed to Gouraud shadinsr-and 
using the interpo- 
lated surface normal to calculate the intensity values 
for each pixel on the polygon surface. The intensity 
contribution 
for each light is modeled as the sum of 


diffuse and specular components. Because the Phong 
technique requires extensive computer power to exe- 
cute the complex calculations 
needed to shade each 


pixel of an object's surface, it is usually performed only 


on supercomputers 
or superminicomputers. 
Phong 


and Gouraud shading 
models also support 
the full 


range of lighting controls, including multiple, colored 
point, spot and directional 
light sources. The special 


advantage of these schemes is that they fit well with 
scan line algorithms for filling polygons. 


The Phong model yields a surface with 
a specific 


normal based solely on the curvature of the surface, 
which causes a shiny, plastic look. To make this surface 
appear 
more realistic, 
a textured 
surface 
must be 


mapped over the first surface. This technique is called 
procedural textured mapping and provides a means of 
defining constant, matte, metal and plastic surfaces. 


Ray Casting and Ray Tracing 


Ray tracing algorithms simulate the interaction of light 
with the environment, simply determining such optical 
effects as reflection, 
refraction, and shadowing. Ray 


tracing is a computer graphics technique in which the 
path of all the individual light rays contributing 
to the 
image are traced explicitly. These techniques are direct 
and somewhat 
brute force methods for solving the 


visibility problem. Nevertheless, ray tracing algorithms 
have produced some of the most spectacular results in 
graphics images. Many visual and lighting effects such 
as refraction and reflection, motion blur, depth-of-field, 
penumbrae, 
and nonuniform 
interradiation 
can be 


modeled with ray tracing. 
Despite its simplicity 
and 


robustness, ray tracing 
is seldom used in practical 


applications 
because of its high computational 
re- 


quirements. 


The idea of ray casting is a very simple one: for each 
pixel, trace a ray from the eye position (in image space) 
through the pixel and find the intersections with all the 
objects in the scene. The intersection having the small- 
est zvalue determines the color of the pixel. Raytracing 
is more complex, because once the first intersection is 
found, the ray is reflected off the object surface and 
traced 
back farther-and 
so on recursively-until 
it 


passes out of the scene or is traced to one of the 
original light sources. Similarly, if the surface is trans- 
parent, then an additional ray is refracted through the 
surface and traced. In this way, a number of features 
that are extremely difficult to implement in other meth- 
ods can be easily introduced into the rendering. Prob- 
lems with visibility 
and transparency, as well as with 


shadows and the reflection of objects on each other, 
can be easily solved. 


The fundamental 
idea is to trace 
light rays and to 


determine which one ends up at the view point. Unfor- 
tunately, an infinite number of rays emanate from each 
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point light source, and most of them never reach the 
view point. Thus, the tracing starts attheview 
point and 
traces rays backward through each pixel to their origin. 
A ray of light striking the surface of an object breaks 
into three parts: diffusely 
reflected 
light, specularly 


reflected light, and transmitted 
light. Similarly, a ray of 


light leaving the surface of an object is in general the 
sum of contributions 
of the three sources. This means 


that each time a ray leaves an object, up to three new 
rays should be traced. 


Figure 9 shows the tree grown in the process of tracing 
a particular ray backward. S, is the light ray that comes 
into surface 1 at such an angle that it is specularly 
reflected and leaves as part of the outgoing ray. Simi- 
larly, T, is the light ray incident on surface 1 such that it 
is transmitted 
and leaves as part of the outgoing ray. 


Each node of the tree corresponds to a surface. After 
the tree is completely grown, the intensities at each leaf 
node are computed 
and then used to compute the 


intensity 
at the parent node, until the root node is 


reached. 


Figure 9. 
Tree Grown From Tracing a Single 
Ray to Viewer 


An infinite number of rays could be traced backward, 
but only those rays passing through the view point and 
the corner of the pixels are actually traced. T,'s permit 
anti-aliasing to be performed, because the intensities 
can be averaged to calculate the intensity of the pixel. 
If the four rays through the corners of a pixel subtend a 
volume in space that contains a lot of fine detail, the 
pixel is subdivided 
and additional 
rays are traced to 


help the anti-aliasing process. As ray tracing is devel- 
oped further, speed increases will undoubtedly 
come 


from the application 
of coherence or other properties 


of the objects being displayed. Ray tracing also lends 
itself to 
parallel 
processing, 
because 
rays can be 


traced independently 
of one another. VLSI implemen- 


tations may therefore be expected. 


The shading 
algorithms 
described 
to this 
point all 


produce very smooth and uniform surfaces. In the real 
world, most surfaces have details of color and texture. 
Texture mapping is one of the most common tech- 
niques used to model surface patterns. The patterns 
are mapped onto the object surface or modeled on the 
surface patch itself. Color detail is applied to a smooth 
surface without 
appearing 
to change its geometry, 


while texture details give the appearance of roughness. 
Perturbing the surface 
normal will 
produce 
bumpy 


surfaces, brushed copper, and so forth. A wood grain II 
or marble surface could also be achieved by applying a 
real-world image to a geometrically 
defined 
curved 


surface. 


Although this method works well with smooth surfaces, 
it does not work well with terrains, coastlines, 
and 


jagged 
mountains, 
which 
require a fractal 
surface 


method. Hidden surfaces are removed, and an appro- 
priate shading model applied. 


Procedural definitions 
of textures, light sources, vol- 


umes, and atmospheres are collectively 
called "shad- 


ers."There are predefined lighting shaders for ambient, 
distant and point light sources, as well as for spotlights. 
Atmosphere shaders include depth cue and fog. Vol- 
ume shaders describe volumes through 
which light 


passes and is refracted and attenuated. Atmosphere 
shaders are based on the principle that light is attenu- 
ated over distance, be it through clear or foggy air, and 
that such attenuation 
gives the eye a cue to spatial 


relationships. The syntax of these predefined shaders 
can be used to define custom shaders of all kinds. 
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Application 
Note 90-02 


Introduction 


Today's 
RISC microprocessor 
architectures 
offer a 


promise of high performance systems able to execute 
an instruction 
in one system clock cycle, which means 


the challenge for a system designer is to design a 
memory system that can support high CPUthroughput 
requirements. Common elements of these VLSI designs 
include on-chip subsystems such as floating point units 
and/or cache memory. 


Although the size of an on-chip cache is typically small 
(4 to 8 Kb) to minimize chip size and optimize cost, the 
system 
may also require an external, 
second-level 


cache that is much larger (256 Kb to 1 Mb) and can 
interface to a high performance system bus. If the CPU 
executes an instruction that isn't stored in the cache, 
the cache must access main memory and fetch an 
instruction 
for the processor. Even though a Cache is 


designed to sustain a high hit rate, a percentage of the 
CPU's read cycles and all writes cycles must access 
main memory, making it essential that data transfer 
cycles be executed so that latency of the system bus is 
minimized. System bus latency may increase dramati- 
cally in a multiprocessor system and can be the critical 
issue in determining system performance. 


This application 
note will discuss quantitative 
mea- 
sures of memory performance, as well as a number of 
design techniques for optimizing 
performance 
in to- 
day's system environment. 


Hierarchical 
Systems 


Bottlenecks in most Von Neumann architectures have 
traditionally 
occurred because a processor could only 


read a single word from memory during each access 
cycle, and to be able to match processor cycle time, a 
system would have to use very high-speed devices that 
in most cases could not be justified 
in terms of cost. 


The classical solution 
has been to configure a hierar- 


chical or multilevel structure containing several types 
of memory devices with various cost and performance 
characteristics. 


Performance can be affected by such interrelated fac- 
tors as program 
behavior 
with 
respect to memory 


references, access times and sizes of each level, gran- 
ularity of information 
transfer, memory management 


policies, 
and the processor-to-memory 
interconnec- 


tion network. One measure of performance 
is called 


effective access time, which is the sum of average 


access times at each level of the hierarchy. Another 
quantitative measure is bandwidth, which refers to the 
number of bits that can be accessed per second. To 
increase bandwidth, a system designer may choose to 
reduce cycle time, increase word size by accessing 
more bits per CYCle,or replicate the memory banks and 
access two or more concurrently. 


Properties 
of Program Locality 


The majority of computer systems developed today are 
based on properties of program locality that reveal a 
strong tendency for accesses to be clustered in small 
regions of memory during any short period of time. 
Program locality has two aspects, temporal and spa- 
tial. The first, locality of time, means that information 
that will be in use in the near future is likely to be in use 
already. This type of behavior can be expected from 
program loops in which both the data and instructions 
are reused. The second 
property, locality of space, 


means that portions of the address space which are in 
use generally consist of a fairly small number of indi- 
vidual contiguous 
segments of that 
address space. 


Locality 
of space means that the program's 
loci of 


reference in the near future are likely to be near the 
current loci of reference. This theory is based on com- 
mon patterns 
of behavior: related data items (e.g., 


variable arrays) are usually stored together 
and in- 


structions 
are mostly executed sequentially. 


The characteristics 
of temporal locality have shown a 


strong tendency for program references to be grouped 
in time, and in fact were responsible for the invention of 
virtual 
memory and the subsequent design of high- 


speed caches, both of which exploit the properties of 
locality by storing a copy of the program in atemporary 
segment of memory. Virtual memory increases the size 
of the system by segmenting the program into pages 
that are individually loaded from magnetic secondary 
memory into main memory. A cache optimizes CPU 
throughput by also storing a segment of the program in 
a buffer that matches the speed of the processor. 


Optimizing the Hierarchy 


Once program behavior is understood, main memory 
can be structured to optimize processor performance. 
As discussed earlier, effective access time is the sum of 
the average access time in each of the levels of the 
hierarchy, defined as 


tEFF = ~ tK 
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where tEFF is effective access time from the processor 
to the ith level of the hierarchy, and tK is the individual 
average access time at each level, where K = 1 to i. 
Generally, tK includes not only the wait time caused by 
memory conflicts 
at level K, but also the delay in the 


switching 
network between levels K - 
1 and K The 


degree of conflicts is usually a function of the number 
of processors, the number of memory modules, and the 
interconnection 
network between the processors and 


modules. 


In modeling the performance of a hierarchy, it is often 
assumed that the probability of finding requested infor- 
mation in the memory of a given level is characterized 
by a success function 
or hit ratio h. In general, h 


depends on the granularity of information transfer, the 
capacity 
of memory at that level, the management 


strategy, and other factors. However, for some class of 
management policies, it has been found that h is most 
sensitive to memory size. Because copies of informa- 
tion at the highest hierarchical level are assumed to 
exist in levels below that level, the probability of finding 
the data at the higher levels is f = 1- h, where f is the 
miss ratio. Therefore in a two-level system, effective 
access time would be equal to 


tEFF= 
htK1 + (1-h)tK2 


where tK1 = tACCat level 1 and tK2 = tACCat 'level 2. If 
the hierarchy consists of one level of infinite size (an 
expensive option for most applications), 
the probabil- 


ity of accessing this data at level one is 100%(hit ratio 
= 1). Memory size greatly impacts the probability 
of 


finding data at a given level, which is why the probabil- 
ities at each level are expressed in terms of hit and miss 
ratios. Forexample, effective access time for atwo-level 
hierarchy would be expressed as follows: 


tEFF = h tK1 + (1 - h) tK2 


Ifthe hit ratio at level one is 0.99,then the probability of 
finding the data at level two, or the miss ratio at level 
two, would be 1 - 0.99 = 0.01. Effective access time 
then would be 


tEFF = (0.99) tK1 + (0.01)t~ 


Hit ratio is crucial to system performance. Forexample, 
if the memory at level two is ten times slower than the 
memory at level one, the hit ratio decreases from 0.99 
to 0.98 (roughly 1%fewer hits) and results in an increase 
in tEFFof roughly 10%.Small changes in hit ratio affect 
effective cycle time of the overall system, making tEFF 
very sensitive to hit ratio. A decrease of 10%in hit ratio 
(from 0.99 to 0.89) almost doubles the effective cycle 
time and divides net performance in half when the cycle 
time ratio is 10. If the cycle time ratio is 20, that same 


10%decrease increases effective cycle time by almost a 
factor of 4. Hit ratio should be as high as possible; in 
many cases, techniques resulting in marginal 1%to 2% 
improvements may yield substantial performance im- 
provements. 


A very large structure in only one level is too expensive 
for most systems, and a multilevel structure is the only 
configuration 
that makes sense in terms of cost and 


performance objectives. Therefore, the goal is to struc- 
ture the hierarchy so that the highest performance is 
available for the least cost. Because hit ratio 
is a 


function of the memory size at each level, the implica- 
tion is that the larger the memory at a given level, the 
higher the hit rate at that level. 


Optimizing the Cache 


The other variable in the tEFF equation 
is average 


access time (tK>at each level. The hierarchical 
level 


closest to the processor should have access times 
equal to the processor's cycl~ time, as well as capacity 
large enough to maintain a high hit rate. The classical 
solution has been to design this level as a cache, which 
is a high-speed buffer typically 
located between the 


processor and main memory that provides data to the 
processor without 
any wait intervals. Success of the 


cache is attributed to the properties of program local- 
ity and is measured by cache hit ratio, as well as by 
placement algorithm 
(degree of associativity), 
block 


size, ability to perform during a miss, write cycles, and 
data consistency in multiprocessor or multicache sys- 
tems. 


A cache operation starts when the processor executes 
a read cycle and outputs a physical address to the 
memory system. The physical address is separated 
into two fields, the address tag field and the set select 
field. The cache latches the address, and the set field in 
the physical address selects a set in the cache directory 
or address tag memory. The address tag from the cache 
directory is compared to the physical address tag from 
the CPU. If they're the same, a hit occurs and the data is 
read from the selected block. Ifthe address tags are not 
the same, a miss occurs and the data has to be fetched 
from main memory, which means the CPU must wait 
until the data is read. New data with a new address tag 
is stored in the cache. 


Cache performance is determined by hit ratio, a func- 
tion of the design that includes the size of the cache, the 
degree of associativity used to search the cache direc- 
tory (placement algorithm), the size of its data block, 
and the replacement algorithm used in a miss cycle. 
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Although a larger cache can be effective in sustaining a 
high hit rate, its benefits 
are diminished 
by higher 


costs. 


The same relationship regarding effective access for a 
two-level hierarchy is valid for a two-level system with a 
cache in the first level. The cache's hit rate can be 
optimized not only by increasing the size of the cache, 
but also by optimizing 
its placement algorithm, block 


size, and replacement algorithm. With an optimized 
architecture, the hit rate should be above 90%. 


Effective access time in a two-level hierarchy, with the 
cache in the first level and main memory in the second 
level, is calculated as the sum of the hit rate and cache 
access time in the first level and the miss rate multiplied 
by the access time of main memory in the second level. 
R:Jra cache with a read cycle time of 60 ns and a hit ratio 
of 95%, and a main memory read cycle time of 250 ns 
and a miss rate of 5%, effective 
access would 
be 


determined as followed: 


tEFF = (hCACHE)(tCACH8 + (1 - hCACH8 (tMAINMEM- 
ORY) 
tEFF= (0.95) (60) + (0.05) (250) = 59 + 12.5 = 71.5 ns 


Effective access time must also include the effect of a 
write cycle on system performance. To determine this 
effect, the ratio 
of read and write 
cycles must be 


determined by analyzing the program address charac- 
teristics. The ratio between read and write cycles is 
typically 
85% to 15% in general-purpose 
computer 


environments, but it may change to 50%-50% in scien- 
tific and other computation-based 
environments. The 


equation would have to be expanded as follows: 


tEFF = 
R [(hCACH8 (tCACH8 + (1 - hCACH8 (tMAIN 


MEMORY)]+ W (twcycl 


where R is the fraction of cycles that are read cycles, W 
is the fraction of cycles that are write cycles, and twCYC 
equals write cycle time. If R = 0.85, W = 0.15, and 
twCYC = 250 ns, total effective access time would be 
equal to 


tEFF= 0.85 [(0.95) (60) + (0.05) (250)] + 0.15 (250) = 
96.57 ns 


The span of a write cycle does not reflect hit rate. A 
larger percentage of write cycles will increase tEFF. R:Jr 
example, if Rand Wwere equal at 50%, then tEFFwould 
increase as follows: 


tEFF= 0.50 [(0.95) (60) + (0.05) (250)] + 0.50 (250) = 
159.75 ns 


Most program workloads generally have a higher ratio 
of read cycles to write cycles, allowing the cache to 
optimize 
read operation 
as well as system 
perfor- 


mance. The main concern with write cycles is that the 
CPU has to wait for the entire transfer cycle between 
cache and main memory (> 250 ns) before proceeding 
to the next instruction. 
If the cache were able to buffer 


write data, write cycle time could be reduced to the 
write access time and the processor wouldn't have to 
wait for access into main memory and could proceed to 
the next instruction. 
Meanwhile the cache could con- 


currently 
execute 
a write 
cycle into main memory 


(figure 1). In this case, twCYCwould equal the 60 ns 
access time of the cache and not the 250 ns access time 
of main memory. The equation for tEFF in a buffered 
write cycle is calculated as follows: 


tEFF= 0.85 [(0.95) (60)] + 0.15 (60) = 57.45 ns 
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The disadvantage of a buffered write cycle is that the 
circuitry 
required to control the concurrent CPU and 
main memory write cycles would have to be more 
complex. 


Optimizing the Miss Cycle 


The block size of a cache is the parameter, together 
with the overall size of the cache itself, that 
most 
strongly 
affects cache performance 
and also overall 
system performance. When the data the processor is 
addressing is not in the cache, the cache executes a 
miss cycle to access main memory and fetch the 
missed data to the cache and the CPU.Enlarging block 
size can decrease the miss ratio and thereby increase 
the storage delay component 
of an average instruc- 
tion, but the longer transfer time required may cause 
problems in multiprocessor systems because of higher 
levels of traffic. 


A number of design tradeoffs influence block size. FOr 
example, architecture of the bus between a cache and 
main memory plays an important role. A bus protocol 
that requires an address with each data transfer may 
force the block size to be one word, because multiple 
word transfers would be very inefficient. Conversely, if 
one address can fetch several words of data, then a 
larger block size would be advantageous. Devices with 
the ability to transfer 
bursts of data are becoming 
popular in a number of microprocessor systems and, 
together 
with 
nibble 
mode DRAMs, can be imple- 
mented to increase memory bus bandwidth. Increasing 
the width of the bus is another technique that can 
increase system bandwidth. 


In large mainframe systems, block size can reflect the 
wider bus size and also take advantage of the degree of 
memory interleaving. Interleaving increases memory 
bandwidth 
by enabling data to be accessed from a 
number of memory banks concurrently, eliminating the 
delay required while individual 
banks are accessed 
separately. In multiprocessor 
systems, a large block 
size will increase the cache miss data transfer time, 
increasing the system bus I/O latency and decreasing 
the system bus bandwidth. 


A larger block size generally increases cache perfor- 
mance, but doesn't necessarily improve system perfor- 
mance. Cache features such as burst data transfers, 
prefetching, fetch bypass and wraparound load cycles 
can be added as necessary. 


During a miss cycle, the cache accesses main memory 
and reads the missed block. If the missed word is 
loaded directly into the cache before the CPUcan fetch 


the data, access time of the miss cycle will equal the 
sum of the access time from main memory and the 
delay required for the missed word to be written and 
read from the cache. The fetch bypass and wraparound 
load functions minimize this time by initially bypassing 
the cache and allowing the CPU to directly fetch the 
missed word from the fetch bypass buffer, which is 
loaded with the missed word as soon as it is fetched 
from main memory (figure 1). The CPU can fetch and 
execute the missed word from the fetch bypass buffer 
and then proceed to the next address without having to 
wait for the cache to be updated. The missed data 
block is concurrently 
loaded into the wraparound load 


buffer; after the entire block is fetched 
from main 


memory, the cache is updated. If the CPU attempts to 
fetch the next word in the block before the block is 
loaded into memory, the CPU may be required to wait 
for the memory to be updated 
or, if an additional 


function 
exists in the block load buffer, to directly 


access the next word from the block load buffer. 


The effective access time of the miss cycle can be 
minimized by reducing the amount of data required to 
execute a cache miss cycle. This can be accomplished 
by employing a data transfer mode, called burst data 
transfer, that requires a single address for each 16 
bytes of data rather than separate addresses for each 4 
bytes of data. Burst data transfers are implemented in 
high performance 
microprocessors 
such as Intel's 


80486, Motorola's 68040, and NEC's V80 


TN 
• Burst mode 


allows a 16-byte cache block to be transferred during a 
cache miss, minimizing the cache miss data transfer 
time and increasing system bus bandwidth. 


Optimizing the Transfer Cycle 


As discussed above, during a miss cycle, the missed 
data is fetched from main memory. The cache block is 
the data element used to transfer the data between 
main memory and the cache. The size of the cache data 
block can be one word, but typically it is more than one 
word (figure 2). It has been determined that the cache 
hit rate increases as a function of cache block size and 
is generally dependent on the properties of program 
locality, which are enhanced by fetching a large number 
of consecutive 
instructions. 
However, a very large 


block size increases the time required to transfer the 
data over the system bus, decreasing the system bus 
bandwidth and increasing bus latency. Therefore, the 
choice of block size is a tradeoff between maintaining 
the cache hit rate and maximizing the system bus 
bandwidth. 
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Burst Mode. A 16-byte block size has been imple- 
mented in a number of RISC/CISC architectures. This 
block size is a good compromise between maintaining 
a high hit rate and minimizing the bus latency during a 
cache miss cycle. This 16-byte block transfer is called 
burst mode data transfer 
and it requires only one 


address for each 16-byte data transfer. By allowing four 
consecutive words to be accessed with one address, 
this feature decreases data transfer time and maxi- 
mizes system bandwidth. 


Although its primary advantage is being able to mini- 
mize bus latency and sustain a high hit rate, burst 
mode would be useless if it could not easily be sup- 
ported by the interface circuit for main memory. fortu- 
nately, burst mode is designed to be used with DRAMs 
offering a nibble mode, whereby four consecutive bits 
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can be accessed in a single cycle. In a standard DRAM 
read cycle, each cycle requires a address that must 
satisfy the specifications 
for RAS access (tRAS)and 


precharging (tRP),calculated as follows: 


TOTALCYCLE TIME = (tRAsl + tRPlj + (tRAS2+ tR~ 
+ (tRAS3+ tRP3)+ (tRAS4+ tRP4) 


The separate address and precharge time represents a 
significant amount of overhead to complete the mem- 
oryaccess. 


Nibble mode DRAMs provide additional 
on-chip cir- 


cuitry that minimizes total cycle time by eliminating the 
requirement for precharge between consecutive mem- 
ory accesses. The nibble mode cycle time is given as 
follows: 


TOTALNIBBLE MODECYCLETIME = tRASl + tRAS2+ 
tRAS3+ tRAS4+ tRPN 
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RJur consecutive 
data bits are accessed by a single 


address and loaded into an on-chip shift register that is 
clocked by CAS. The precharge cycle is delayed until 
after the bits are valid to prevent the timing skew that 
usually occurs between each memory cycle (figure 3). 


Burst mode data transfers are intended to be imple- 
mented with nibble mode DRAMs in main memory. 
Although 
nibble mode DRAMs provide the simplest 


interface for burst mode data transfers, other DRAM 
operating modes such as fast-page and static-column 
modes can be used. These DRAM operating 
modes 


also reduce DRAM effective access time and require 
additional external circuitry for implementation. 


Fast-page and static-column 
DRAMs differ from nibble 


mode DRAMsinthatthey 
require a new column address 


and can access a total of 512 data bits in a single cycle. 
Most often they are required in computer 
graphics 


applications 
or in direct memory access (DMA) I/O 


cycles. 


Future 
Enhancements. 
Among the features proposed 


for future generations 
of DRAMs is a feature called 


gated RAS precharge, which minimizes DRAM access 
time by eliminating one of the RAStransition times. In a 
standard DRAM cycle, cycle time is defined as follows: 


tRC = tTl + tRAS+ tT2+ tRP 


where tTl and tT2are RAStransition times, tRAsis RAS 
cycle time, and tRP is RAS precharge time. Minimum 
cycle time cannot be achieved in a system because of 
a mininum and maximum skew in the logic generating 
the edges of the RAS signal (figure 4). The gated RAS 
precharge feature removes both tT2 and the timing 
skew from the minimum cycle time, as follows: 


tRC = tTl + tRAS+ tRP 


Unlike a standard DRAM,this feature allows RAS to go 
inactive anytime after CAS is asserted. RJra minimum 
cycle, RAScan go inactive prior to the minimum time for 
tRAS,allowing internal timing to place the device into 
precharge. 


Another 
proposed 
DRAM enhancement 
is extended 
fast-page data output, which would permit system-level 
page cycle times to approach those permitted by the 
specification 
for memory data. Currently, data output 


is sampled after a specified access time and after an 
additional lapse caused by a skew in the system logic 
has expired. CAS is not permitted to go inactive until 
after the setup and hold times of the devices are 
satisfied. Using an extended data output feature, data 
output would remain valid after CAS goes inactive if 
RASis also active. Data output can then be sampled by 
the same signal used to turn off CAS. When CAS goes 
inactive again, the data output changes from the previ- 
ous data to that of the currently accessed location. If 
the previous and current data are the same, there will 
be no discharging or precharging of the memory bus. 
The outputs will be three-state when both RASand CAS 
are inactive (figure 5). The elimination of the additional 
timing skew will improve effective cycle time and sim- 
plify the complexity 
of the control logic. Both of these 


proposed enhancements offer solutions that minimize 
the effective memory cycle by eliminating timing skews 
inherent to standard DRAMdesigns. Unfortunately, the 
precharge time remains an inherent disadvantage, be- 
cause consecutive 
accesses to the memory module 


will always have a timing skew (tRP)' 
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Interleaving 


In a two-level hierarchy, memory bandwidth in the first 
level can be optimized 
by means of a cache that 


matches the CPU's read cycle time. For cache misses 
and write 
cycles, the cache-to-main 
memory band- 
width can be maximized by means of burst mode data 
transfers and standard DRAMswith special operating 
modes. 


Interleaving optimizes effective access when more than 
one row of data needs to be accessed at the same time. 
Fast-page cycles are a means of reducing access time 
for bits located in the same row of the memory array, 
but they are inefficient 
for handling the consecutive 


access of data residing in different row addresses. To 
fetch diagonal 
elements 
in the matrix, 
the system 


needs to concurrently access row 1 and col umn 1, row 
2 and column 2, etc. Page cycles can't be used in this 
scheme because a new row must be accessed for each 
data element. 


A memory system organized to distribute the address 
to several banks simultaneously 
is said to be inter- 


leaved. The interleaving of addresses among M mod- 
ules is called M-way interleaving and allows consecu- 
tive 
access 
to 
M 
memory 
banks. 
In 
high-order 


interleaving, the addresses are distributed 
so that the 


memory 
modules 
contain 
consecutive 
addresses. 


High-order bits are used to select the module while the 
low-order bits are used to select the address within the 
module. A second method, called low-order interleav- 
ing, distributes 
the address so that consecutive 
ad- 


dresses are located within consecutive modules. The 
low-order bits of the address select the module, while 
the remaining bits select the address within the module. 


In a low-order interleaved system, the memory is orga- 
nized into banks with each bank providing data bits 
equal to the width of the CPU memory bus. An address 
is latched by the memory circuit and the low-order bits 
are decoded to determine the number of banks to be 
accessed (figure 6). If four banks are accessed, they are 
said to be four-way interleaved. 


A memory 
controller 
circuit 
initially 
generates the 


control signals for the accessing of bank 1.The data for 
access 1 will be valid after the specified time for tRAS 
has elapsed, after which the accessed bank will be 
precharged. Control signals are simultaneously being 
generated for bank 2, and they may be skewed by a 
system clock to accommodate 
data access for the 


second fetch from the CPU. Data from bank 2 becomes 
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valid immediately 
after the data from bank 1 becomes 
valid, and no timing skew exists for precharging in the 
data stream. A precharge cycle for bank 2 is executed 
while the access to bank 3 is initiated. Data is read from 
bank 3 immediately 
after the data from bank 2 is read. 
Bank 3 executes the precharge while bank 4 accesses 
data for the cycle immediately 
following 
the bank 3 


access. Finally, bank 4 executes the precharge cycle to 
end the interleaving. This scheme eliminates the pre- 
charge timing skew and maximizes memory bus band- 
width, but at the cost of a more complex control circuit. 


Another scheme uses low-order interleaving and ap- 
plies the high-order bits of the address to all memory 
modules simultaneously 
in one access (figure 7). The 


single access returns M consecutive words of informa- 
tion from the M memory modules and accesses infor- 
mation from a particular 
module using the low-order 


bits. A data latch is associated with each module, the 
information from each module is gated into a latch in a 


fetch cycle, whereupon a multiplexer can be used to 
direct the desired data to the data bus. Figure 7 illus- 
trates timing for a multiword read access using this 
method, which is ideal for accessing a vector of data 
elements or for prefetching sequential instructions in a 
pipeline processor. It can also be used to access a block 
of information for a pipeline processor with a cache. 
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Introduction 


The objective of a memory system is to match the 
operating speed of a processor with the rate of infor- 
mation transfer. A CPU is usually about a thousand 
times faster than the average access time of a memory 
system, and the high cost of implementing a system 
with enough speed to accommodate this performance 
gap would be out of reach. To be able to meet cost and 
performance goals, a multilevel or hierarchical system 
encompassing 
a mix of memory devices must be im- 


plemented. 


In most of these systems, the top level will have the 
highest 
performance 
and lowest level the slowest. 


Alternatively, the highest level is usually the most ex- 
pensive and has the smallest density and the lowest 
level is the least expensive and has the highest density. 
Hierarchies are typically structured so that devices at 
level iare higher than those at level i + 1. If Cj, Tj, and 
Sj, respectively, are the cost per byte, the average 
access time, and the total memory size at level i, then 
the following 
relationships 
normally would hold be- 
tween level i and i + 1: 


Cj > Cj t- 1, Tj < Tj + 1, and Sj < Sj + 1 for i 2: 1 


Memory hierarchy can be classified into primary and 
secondary 
devices, depending on access times. In a 


typical hierarchy, the top level may consist of fast static 
RAMs with 
access times of less than 35 ns. These 


devices have been produced in x1, x4 and x8 organiza- 
tions, and in some cases need a very low current to 
retain data during 
power failures. The next level is 


classified as main memory and consists of dynamic 
RAMs with access times between 80 and 120 ns. sec- 
ondary memory may consist of several levels of rotat- 
ing drum or fixed-head 
magnetic disks with average 


times taken from the sum of rotational 
latency and 


transfer time, most likely a few milliseconds for blocks 
or sectors of between 1 and 4 Kbytes. Their capacity is 
in the Mbyte range and reflect a price equaling a few 
hundredths of a cent per bit. These devices are usually 
connected to the primary 
memory on a shared bus. 


Finally, the lowest level consists of removable magnetic 
tape for offline storage in a data archive. 


A performance 
gap traditionally 
has existed between 


primary and secondary memories. The magnetic bub- 
bles and charge-coupled 
devices developed to fill this 


gap did not find wide acceptance in most memory 


system applications, 
and contemporary 
designs are 


now 
using 
low-power, solid-state 
devices 
such as 


NEC's pPD42601 silicon file. 


The goal of a system 
designer 
is to optimize 
the 


memory hierarchy so that system performance 
ap- 


proaches that of the highest level of memory and cost 
approaches the cost of the cheapest memory. Perfor- 
mance depends on a number of interrelated factors, 
including program behavior with respect to memory 
references, access time and memory size of each level, 
granularity of information transfer (size ofthe data field 
or block), and management policies. One other impor- 
tant factor 
is the design of the processor-memory 


interconnection 
network. 


Hierarchical performance 
can be measured by f)ffec- 


tive access time from the processor to the lowest level 
of the hierarchy, i.e., the sum of individual 
average 


access times of each of the memory levels. Effective 
access time generally incl udes the wait time caused by 
memory conflicts at a particular level, as well as delays 
in the switching network between one level and the 
next. The degree of conflict is usually a function of the 
number of processors, the number of memory mod- 
ules, and the interconnection 
network 
between the 


processors and memory modules. 


Connections between hierarchical levels are character- 
ized by their transfer 
rates, or bandwidth, 
i.e., the 


number of bits per second that can be accessed. For 
example, if a memory system has a cycle time of 500 ns 
and is able to access 32 bits (4 bytes) per cycle, its 
bandwidth is 64 Mbits (8 Mbytes). To increase band- 
width, a designer might choose to reduce the cycle 
time, increase word size of the memory, or access the 
memory modules in parallel. Each would have a differ- 
ent impact on system architecture and cost. 


Although the best possible design depends on work- 
load and the available technology, there is no one 
formula for creating an optimal generic design. When 
considering a traditional 
von Neumann architecture, a 


single memory 
module of conventional 
design can 


access no more than one word during each clock cycle. 
With this fundamental 
constraint, 
the designer must 


rely on technological 
advances to be able to improve 


computer system performance. 
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HIERARCHICAL 
CLASSIFICATIONS 


High-Speed 
Static RAMs at Level 1 


Although the highest hierarchical level contains mem- 
ory capable of matching the cycle time of the CPU, 
capacity of these devices typically will be determined 
by the cost and performance 
goals of the system. 
Static RAM traditionally 
has been used in this level 
because of its performance 
capabilities 
and ease of 
use. An SRAM is basically a stable dc flip-flop requiring 
no clocks or refreshing, which means its storage ele- 
ment retains data as power is applied. Fast access 
times, a parallel address structure, and the absence of 
strict timing 
requirements have made these devices 
very attractive in cache and small system designs. 


SRAMs have been developed with technologies such as 
Bipolar, CMOS and BiCMOS, resulting in a number of 
products 
with different 
access times and organiza- 
tions. Some of the most common configurations 
are 
32K x 8, 64K x 4 and 256K x 1, 1M x 1 and 256Kx 4, as 
reflected in NEC's flPD43256A, flPD43254, flPD46251, 
flPD431001and flPD431004 devices, respectively. In the 
small system market, where low cost rather than high 
performance is the primary objective, byte-wide SRAMs 
with access times similar to DRAMs or EPROMs are 
required. Alternatively, cflche memory design requires 
very fast access time, high density, and x1 or x4 orga- 
nizations with high performance and advanced SRAM 
technology. 


Some SRAMs have the ability 
to retain data when 
system power has failed or is shut down. In this case, 
the SRAM is usually designated as a low-power device 
(-LL version) whose data retention current can be as 
low as 10flA and whose backup power is supplied by a 
battery backup circuit. This feature is attractive in small 
laptop systems and in instrumentation 
applications 
where low power is a primary concern. 


The 
byte-wide 
SRAM such 
as NEC's 32K x 
8-bit 
flPD43256A has access times in the range of 85 to 
150ns, 28-pin DIP packaging (600mil wide), and access 
time compatibility 
with EPROMs (figure 1). However, a 
600-mil device requires a substantial amount of board 
space (figure 1), and thus the part is also offered in a 
28-pin 
plastic 
miniflat 
package for 
higher 
density, 
surface-mounted 
printed 
circuit 
board 
applications 
(figure 2). 


A x1 SRAM is often used for large, high-speed memory 
circuits where fast access time and high-density chip 
layouts are required. Having only one data bit per 
SRAM chip reduces the pin count and allows use of an 


18- or 22-pin package that significantly 
reduces board 
space. High-speed static RAMs are available in x1, x4, 
and x8 configurations 
with access times ranging from 
15to 80 ns. A typical application for these devices is as 
data and address tag memories in cache subsystems 
whose access times 
must equal processor 
access 
times. 


One advantage 
of using an SRAM is its ability 
to 
interface to a memory bus. The flPD43256A, for exam- 
ple, has 15 address lines, 8 common input/output 
sig- 


nals, an output enable (OE)pin, awrite enable (yVE)pin, 
and power and ground pins (figure 3). A chip select 
(CS) pin controls operation of the device. When CS is 
high, the device is in standby and power consumption 
is greatly reduced. A designer can minimize total power 
supply current by enabling only the accessed devices 
in standby. 


Input 
Data 


Control 


The OE pin controls 
the three-state 
output 
drivers 


during a read cycle and can only be active when CS is 
asserted. Write cycles are controlled by WE. When CS 
and WE are asserted low, data on the common I/O pins 
is written 
into the memory cells and the output data 


drivers are disabled to prevent a possible bus fight. 


The separation 
of the chip select function 
into two 


components, 
OE and CE, has several timing implica- 


tions. The access times from chip select (tACS)and 
address valid (tAN are the same in the pPD43256A, 
85 ns, but typically an SRAM design requires that the 
address be decoded before the chip can be selected. 
This decoding 
function 
requires an additional 
delay, 
making the effective address time the sum of the worst 
case 
propagation 
delay 
of 
the 
address 
decoder 


(74LS138) and the chip select address access time 
(tACS)'Alternatively, since the output enable time (tor:> 
of 40 ns is less than the access time, the effective 
access time can be optimized by concurrently access- 
ing the SRAM with a valid address and controlling the 
OE pin with a read signal and the output of the address 
decoder. The disadvantage of this scheme is that the 
CS pin is always asserted, causing the SRAMto always 


Memory Cell 


Array 


512 Rows 
64 x 8 Columns 


Output 
Data 
Control 


be active. FOrcircuits with only a few SRAMdevices, the 
power 
considerations 
are not important. 
In cases 


where a lot of SRAMs are being used, power require- 
ments may necessitate that CS be asserted to control 
the active and standby current. 


Dynamic RAMs at Level 2 


Data in an SRAMcell will remain valid as long as power 
is applied to the chip, because data is stored as a 1 or 
o in a flip-flop circuit consisting of four or six transis- 
tors. This approach 
allows for simplified 
operation, 


although the relatively large memory cell requires a 
large die. A dynamic RAM, on the other hand, stores 
data in the charge on a capacitor 
rather than in a 


flip-flop, thereby reducing the area required for each 
cell. And since die size has a direct bearing on the cost 
of a chip, a denser DRAMcircuit will have a lower cost 
per bit. 


Using a capacitor to store memory data means that 
more complex circuitry is required, as well as sophisti- 
cated techniques to sense the charge on the storage 
capacitor. Because of leakage current, a method of 
periodically 
refreshing the charge on the capacitor is 
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also required. Since DRAMs are traditionally 
used in 


large systems where tens or hundreds of memory chips 
are needed, the more complex interface circuitry 
can 


be absorbed into the cost of the memory circuit. 


In a hierarchy, DRAMs are used in the larger, slower 
main level. It is this level that degrades effective access 
time and system performance. When the smaller cache 
does not have the data requested by the processor, the 
cache executes a replacement cycle to read the data 
from 
main memory 
and fetch 
it for the processor. 
Because the access time of main memory is in the 
range of 80 to 120 ns, the CPU must go into a wait state 
while the data is being read. In fact, high performance 
20 to 33 MHz microprocessors require at least one wait 
state to access a DRAMcircuit, requiring in the top level 
of the hierarchy 
a high performance 
cache able to 


match CPU cycle time. 


'''l 


DRAMperformance can be enhanced with a number of 
circuit design techniques, as well as with a number of 
on-chip operating features that help to optimize band- 
width. Most contemporary 
1M DRAMs are manufac- 


tured with extended features such as fast-page cycles 
that allow several locations within a row of memory to 
be 
accessed 
without 
repeating 
the 
row 
address, 


thereby reducing cycle time (figure 4). DRAMsdesigned 
with a nibble mode are able to read four successive bits 
by simply 
pulsing the CAS control 
signal, because 


column addresses are incremented internally (figure 5). 
Static-column 
DRAMs use static circuitry 
to decode 


the column addresses, reducing cycle time by allowing 
column accesses to be executed the same as in static 
RAMs (figure 6). 
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The architecture of the interface between the CPU and 
main memory is another important factor in determin- 
ing system 
performance. 
Pipelined 
and interleaved 


architectures 
that can access the device in parallel 


operations 
can also enhance bandwidth, 
but require 


another 
level of complexity 
and cost 
in the CPU- 


memory interface. 


In main memory design, the most efficient DRAM con- 
figuration 
is the x1 DRAM because its organization 


minimizes the number of pins on the chip (figure 7). 
Main memory circuits may have hundreds of memory 


chips on a printed circuit board, and since the address, 
data and control signals are connected to every chip, 
the memory section of the board is layed out in a very 
dense array. In fact, one of the most important parts of 
the DRAMdesign isthe printed circuit layout. This array 
requires a memory chip with minimal pins and package 
size, making the x1 the most efficient. Also, with the 
high number of memory chips for each circuit, the cost 
of the circuit is high compared to other system boards 
and requires a higher system reliability standard. 
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An error correction and detection technique is typically 
used to enhance reliability. Most ERCC algorithms can 
detect two-bit errors and correct single-bit errors, al- 
lowing a single memory chip to fail without causing the 
system to malfunction. If the circuit uses a x4 organi- 
zation and a single chip failure occurred, the ERCC 
circuit could not correct the multi bit failure, reducing 
system reliability. Also, a x4 DRAM has more pins, a 
larger package size, and higher costs, increasing the 
size and cost of the memory array. 


The wider organization 
does have one advantage for 


systems that require the number of memory chipsto be 
limited because of layout area or cost. One x4 chip can 
replace four x1 devices in applications where density is 
not a factor. A typical application for the x4 organiza- 
tion is in computer 
graphics where memory size is 


constrained 
by screen resolution and the 4:1 increase 


in bandwidth is required to refresh the screen. 


Some disadvantages of using DRAMsinvolve their com- 
plex interface circuitry 
and dynamic nature. DRAMs 


are arranged in a rectangular array, in which the cells 
are connected in a matrix of rows and columns. To be 
able to reduce the number of address pins, the address 
field is multiplexed 
into a row address field 
and a 


column address field (figure 8). A row address is first 
presented to the memory and the row address strobe 
(RAS)control signal is asserted, beginning the memory 
cycle and latching the row address. The row address 
decoding circuit selects the appropriate 
row of cells 


(512 cells in the case of a 1M DRAM) and the column 
address is multiplexed onto the address pins. 
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Row Address 


Column 
Address 


The column address strobe (CAS) is then asserted to 
latch the column address and enable the output driv- 
ers. The column address decoder selects one of the 
memory cells in the selected row and the data is read 
and sent to the output circuits. Once the data has been 
accessed, the RAS and CAS signals are de-asserted 
and remain inactive for a specified precharge time so 
that the circuits can recover from the previous access. 
Thus, the increase in cycle time over access time equals 
the precharge time. 


DRAMs with an access time of 80 ns typically 
have a 


cycle time of 160 ns. Although multiplexing 
provides 


some substantial system benefits in terms of minimiz- 
ing the number of pins and reducing package size, the 


address timing is complicated and requires more inter- 
face circuitry (figure 9). Rowand column addresses are 
both multiplexed, 
presenting 
a rather tight 
window 


during which the individual events must occur. Rowand 
column addresses both have setup and hold times with 
respect to RAS and CAS, and if these specifications 
aren't met, the read or write cycle could fail. Therefore, 
the designer must consider the complex requirements 
very carefully, eliminating any timing skews, control or 
address line noise, and power supply noise.The dy- 
namic nature of a DRAM means that data is stored in 
the charge of a capacitor, causing the charge to leak 
over time and the data to be lost. To prevent data loss, 
the DRAM must be periodically accessed to guarantee 
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that the charge will remain in memory. This operation is 
called a refresh cycle and for a 1M DRAM,all 512 rows 
have to be refreshed every 8 ms. This requires the 
DRAM interface circuit to access each row in the mem- 
ory by means of either a read, write, or refresh cycle 
every 15.6Jis. Failure to execute a refresh cycle in the 
specified 
interval will cause the cell to leak off the 


charge, resulting in data errors. A refresh cycle consists 
of using a row address to access the appropriate row 
and executing a RAScycle to refresh all the cells in that 
row. No CAS or column address is required. 


DRAMs specify several refresh cycles: RAS-only re- 
freshing in which an external counter drives the ad- 
dress on the address pins; CAS before RAS refreshing 
in which 
an internal 
address counter 
is used; and 


hidden refreshing which is executed during a normal 
refresh cycle. Rlr all refresh cycles, an external timer is 
required to signal the control 
circuit 
to initiate the 


cycle. Memory control 
circuitry 
must also have to 


arbitrate between an active refresh request and active 
memory cycle, ensuring that the refresh interval is not 
exceeded. 


An important system design consideration 
is the stan- 
dardization 
of pinouts and package size so that the 


circuit can be upgraded with the next generation of 
higher density chips (figures 10, 11, 12, 13). It is also 
advantageous 
to design a circuit 
with options 
that 


allow the density of the memory board to be upgraded, 
saving the expense of developing a new board with 
each new generation. Rlr example, in the past, a mem- 
ory board could be designed to easily accommodate 
both 64K x 1 and 256K x 1 DRAMs, both of which were 
packaged in a 16-pin plastic DIP. The only difference 
was that most 64K memory chips had one pin desig- 
nated as a no connection. To accommodate the 256K x 
1 device, the extra address line As was added to the 
circuit to allow operation with both devices. 


Figure 10. 
Typica/256K x 1DRAM 
Pin Configuration 
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Figure 11. 
Typical64K x 4 DRAM 
Pin Configuration 
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Figure 12. 
Typical 1Meg x 1 DRAM 
Pin Configuration 
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Figure 13. 
Typica/256K x 4 DRAM 
Pin Configuration 
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Designing the system to use either memory size also 
affects the multiplexing 
and address decoding 
logic. 


Compatibility 
between 256K and 1M DRAMs is more 


difficult because the number of pins increases from 16 
to 18pins to accommodate the additional Ag address. 
The current 1M and future 4M DRAMs have the same 
number of pins, with the additional A10 address line 
designated for pin 4 on the DIP package, pin 5 on the 
SOJ, and pin 10on the ZIP.The trend in DRAM packag- 
ing is evolving from predominantly DIP packages in the 
256K era to surface-mounted 
SOJs and high-density 


ZIPs in the 1M and 4M eras. 


The size of the package is another concern the de- 
signer 
must 
address 
when 
choosing 
1M and 4M 


DRAMs. The transition 
from 256K to 1M DRAMs saw a 


change from the 16-pin packages to 18-pin packages. 
The 1M to 4M evolution represents a crossover gener- 
ation in SOJ package width-from 
300 to 350 mils. 


NEC's SOJ-packaged 1M pPD421000 has a specified 
width of 300 miIs, but because of the larger die needed 
to implement the 4M DRAM,a width with an additional 
50 mils is required for the initial 4M SOJ package. The 
1M and 4M ZIP packages remain the same size, while 
the 4M DIP is 100mils larger than the 300-mil DIP for the 
1M DRAM. Because the surface-mounted SOJ package 
is projected to be the dominant package type in the 
future, some manufacturers 
may market compatible 


300-mil packages for the 1M and 4M devices, but the 
trend will be toward 
even larger package sizes. For 


example, packages for the 16M DRAMs are likely to be 
400-mil SOJs and 475-mil ZIPs, while the DIP package 
eventually will be phased out. 


The typical development cycle of a DRAM includes a 
second generation 
of 4M DRAMs, scaled in size to 


optimize access time and die size. This scaled or shrink 
version will allow the die of a 4M DRAMto be mounted 
in a 300-mil SOJ package that is compatible with the 
SOJ package of a 1M DRAM.Also, the shrink version of 
the 4M DRAM will provide a very fast access time of 
60 ns. 


The trend in DRAMtechnology has seen a quadrupling 
in capacity about every two to four years, a result of 
fewer features and estimates that the 64M DRAMcould 
use 0.35pm technology. One major concern with very 
high density 
memory chips is test time. The widely 


used GALPATstandard has a test complexity of 4n2 + 
4n for an n-bit RAMand needs about 162days to test a 
4M RAM chip with a cycle time of 200 ns, which is 
unacceptable in today's manufacturing environment. 


To reduce 
this 
test 
time, 
NEC has built 
into 
its 


pPD421000 1M DRAM a test function that reorganizes 
the 1M x 1-bit part into a 256K x 4-bit configuration 
(figure 14).The 1M test mode is enabled by applying a 
super voltage 01cc + 3 volts) to pin 4 on the 1M DIP 
package (figure 15). While this super voltage is being 
applied, the internal configuration 
is changed to a 4-bit 


width intended to be used in a testing environment 
rather than in a circuit environment. Pin 4 should be 
regarded as a no connection, and as long as standard 
TTL voltage levels are connected to this pin, the 1M 
DRAMwill remain in its normal operating state. 
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Notes: 


[1J VIH = 9.5 V + VCCI2. 


[2J VIL= 1 V min and 7 V max. 


[3J Maximum 
voltage = 12.5 V. 


[4] 
When 
a test cycle is executed. 
access 
times, device 
power, and the level 
of Vcc are higher than normal. Therefore, 
a test cycle should only be 


executed 
for verifying 
functional 
operation 
of the device. 


{S] Data output Is high impedance 
during a write cycle in read-modify-write 


test operation. 


[6J Data output is high impedance 
aner RAS goes high in a hidden refresh cycle. 


[7] 
Four bits in a test cycle are treated 
the same 
as four bits in nibble mode. 


The same test strategy 
is implemented 
for the 4M 


DRAM, except that pin 4 on the DIP package becomes 
the new A1Daddress line and the test mode is initialized 
with logic functions rather than a super voltage. The 4M 
test mode will be initialized 
when the WE and CAS 


signals are active before the RAS signal is asserted, 
similar to a CAS before RAS refresh CYCle,except that 
WE is asserted at the same time as the CAS signal 
(figure 16).The memory designer must ensure that the 
memory control 
logic does not execute WE and the 


CAS before RAS cycle during normal operation, which 
would cause the device to be configured 
into a 4-bit 


organization 
and errors to occur. The test issue is a 


major concern 
for future 
DRAM products. 
The 16M 


DRAMmay have a built-in test circuit that can execute 
simple test programs and detect on-chip failure, but at 
this time no standard 
16M test procedure has been 


defined. 


The advantage of using a static 
RAM is its simple 


interface circuit and its static nature, which means it 
doesn't have to be periodically refreshed to retain data 
Alternatively, a dynamic RAM provides greater density 
and a lower cost per bit. One approach that tries to 
provide the best attributes 
of both devices is the 


pseudostatic 
RAM, a chip that uses dynamic storage 


cells but contains all refresh logic on-chip so that it is 
able to function 
similarly 
to 
a static 
RAM. NEC's 


pPD428128 is a 128K x 8-bit pseudostatic 
RAM that 


offers a system designer a byte-wide RAM with the 
density and simple interrace of a 1M DRAM (figure 17). 


Notes: 


{1] RAS-only refresh or CAS before RAS refresh may be executed to transistion 


from a test cyde. 


[21 For x 1 parts DOur 
is high it all 8 bits are equal, and low If all 8 bits are not equal. 


[3J For x 4 parts, all va pins are enabled and 00UT 
is high if all 2 bits are equal, 
and low if all 2 bits are not equal. 


[4J Address compression control bits are defined below. 


Data Bus Width (bits) 
Control Address Bits (Don't care address) 
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AlaR, 
AlaC, 
AaC (for x 1 bit) 
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(for x4 
bit) 
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BlOCk 
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x].Xa 


Block 
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Notes: 
[11 XD. 
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Pseudostatic RAM are nearly, but not quite, as easy to 
use as fully static RAMs. Because pseudostatic 
RAMs 
must execute internal refresh cycles periodically, there 
is a potential for a conflict between an external access 
request and an internal cycle. The pPD428128 uses two 
types of refresh cycles, pulse and self-refresh, each of 
which requires an extra RFSH function 
pin. In pulse 
refresh operation, the RFSHsignal is asserted during a 
read or write cycle, allowing refreshing to occur during 
a valid memory cycle. NEC's other pseudostatic 
RAM, 


the 32Kx 8-bit pPD42832 (now obsolete), was packaged 
in a 28-pin plastic DIP and did not have a separate 
RFSH pin. As a result, external pulse and self-refresh 
operations 
were controlled 
by the CE and OE/RFSH 
signals. 


The pPD428128, on the other hand, is packaged in a 
32-pin package and has separate RFSH (pin 1), CE (pin 
22), OE (pin 24), and CS (pin 30) signals. Similar to its 
counterpart in the 32Kx 8-bit pPD42832,the CE pin can 
control 
external or CE-controlled 
refresh cycles, but 
only the separate RFSH signal can control 
pulse re- 
freshing. Also, self-refresh cycles are generated by the 
RFSH signal and feature a very low 200 pA self-refresh 
current. Therefore, the pseudostatic RAM,with its lower 
cost per bit, simplified 
interface circuit, and low self- 
refresh current 
fills 
a cost 
and performance 
niche 
between the higher priced SRAMand the more complex 
DRAM. 


Unlike SRAMs and DRAMs,which lose data as soon as 
power is removed from the device, nonvolatile memo- 
ries have the capability to store data indefinitely, even 
when power has been removed. Although these devices 
have slower access times and are not usually part of 
the high performance memory hierarchy, they are able 
to store data for functions involving communications, 
CRTs, keyboards, and other peripheral circuits. In to- 
day's system development environment, the designer 
can choose from erasable programmable 
read-only 


memories or one-time programmable EPROMs,electri- 
cally 
programmable 
ROMs (EEPROMs), and mask- 


programmable 
ROMs, each of which has a different 


effect on product development and manufacturing 
in 


terms of functionality, compatibility 
and cost. 


EPROMsoffer the system designer a nonvolatile mem- 
ory source and also the ability to erase and program. 
EPROMs are programmed by an instrument 
called a 


PROM programmer and then inserted into an applica- 
tions system. EPROMs retain their data for years with- 
out power, and can be erased by shining an ultraviolet 
light into the window in the top of the IC package. The 
EPROM can then be reprogrammed 
any number of 


times. Programming requires a special programming 
voltage (Vpp) which is typically 12 to 25 volts, depend- 
ing on the type of device. The programmer interfaces to 
the EPROM, supplying the control 
signals, address, 


data and Vpp for each address and follows an algorithm 
that programs and verifies the data being written into 
the device. Early EPROM designs required a 25 volt 
programming voltage, which was reduced in succeed- 
ing generations to 21 volts and then to 12.5 volts. 


EPROMsare used to storing a local program for system 
initiation, baud rate and data formats for CRTterminals 
and character translation for keyboards. Such applica- 
tions require the EPROM to interface directly to the 
CPU's local bus, which may be 8, 16 or 32 bits. Rx this 
reason, most EPROMs are configured 
as a byte-wide 


(8-bit) device, requiring a relatively large, 600-mil pack- 
age and pinout. EPROMsare primarily intended to be 
used in the circuit development phase and replaced 
with less costly one-time programmable devices such 
as OTP EPROMsand mask-programmable ROMs in the 
production 
phase. This requires compatible 
package 


sizes and pin assignments across the family of nonvol- 
atile devices. To accommodate this compatibility 
issue, 


nonvolatile 
devices use a standard byte-wide format 


for package size and pin assignments (figure 18).If the 
designer designs a circuit to upgrade from an EPROM 
of one size to an EPROMof the next size, the required 
jumper options need to be implemented to reconfigure 
the circuit to the next highest density. 
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indicate when a write cycle is complete (figure 19).Ifthe 
EEPROM is read while an internal write cycle is in 
progress, the EEPROM returns the complement of the 
last data written. Thus, the system software can deter- 
mine when the write cycle is complete by reading the 
location last written and comparing it to the data being 
written. The EEPROM can accomplish this because it 
includes on-chip latches and an automatic "erase be- 
fore write" function. 


One disadvantage of the EPROM is that it cannot be 
programmed while it is in a circuit. The EEPROMsolves 
that problem by providing a write function that can be 
used while the EEPROM is still 
in the circuit. 
The 


microprocessor 
can write to the EEPROM just as if it 


were a RAMand continue with other operations during 
the long write cycle time. NEC's 8K x a-bit pPD28C64 
EEPROM includes a feature called 
DATA polling 
to 


Page 1 to 32 bytes. 
Leave data of last written address 
InCPU program 


The microprocessor 
can execute other instructions 


and periodically 
poll the EEPROM to determine if the 


write cycle is complete. The pD28C64 
also includes 


protection 
against accidental write cycles at power 


down (figure 20). Fora write cycle to occur, WE and CE 
must be asserted low and OE must be high. It is unlikely 
that this combination would occur during power tran- 
sitions. Additional 
write protection 
is provided 
by a 


noise immunity filter that inhibits write operation when 
the WE pulse is 20 ns or less, and when the power 
supply voltage level is detected to be 2.5 volts or less. 


The pPD28C64 optimizes the write cycle with a feature 
that speeds effective access time when writing a series 
of 32 bytes simultaneously 
(figure 20). The 8K x 8-bit 


device is compatible with the byte-wide pin assignment 
standard 
and is pin-compatible 
with the 8K x 8-bit 


EPROM and SRAM. While the 8K x 8-bit device is 
targeted at the larger capacity EEPROM applications, 
several small devices provide a low-cost solution for 
low-end systems. ThepPD28C04 is such a device and is 
orgnanized as 256 x 8 bits and provides the same write 
and protection features as the pPD28C64. 
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Notes: 


[1J The address 
inputs are latched at the falilng edge of CE or WE. 


whIchever 
occurs 
later. 


[2J The data inputs are latched at the rising edge of CE or WE. 
whichever 
occurs 
earlier. 


[3J Write operatlon 
requires both CE and WE to be at V IL. 


E!rameters 
twp 
and tcware 
defined only for the period when both 
CE and WE are at VIL. 


Mask-Programmable 
ROMs 


The ability to erase an EPROMis an important feature, 
especially 
during 
the 
product 
development 
phase 


when the EPROMcode is frequently changed. When the 
product enters its manufacturing 
stage and the pro- 


gram code becomes fixed, the extra cost due to the 
special package with a transparent 
lid is difficult 
to 


justify. 
Mask-programmable 
ROMs, which 
are pro- 


grammed during the manufacture of the Chip itself, are 
less expensive. 
NEe produces 
mask-programmable 


ROMs and will also manufacture 
the custom 
mask 


required for the device. There is a charge and lead time 
required for producing the mask, but for high-volume 
applications, 
the mask can be amortized with a cost 


savings compared to the standard EPROM.Typically, 
the mask-programmable 
ROM is compatible with the 


byte-wide standard used in EPROMdevices for feature 
and package compatibility. 


One of the disadvantages 
of the mask-programmable 


ROM is that if a bug is found in the code, the mask has 
to be replaced at a large cost. A one-time programma- 


[4J The page cannot be changed 
In the middle of a page 


write cycle. Address 
inputs A 5 - A 12 must be supplied 
for 
every byte load cycle and must remain the same throughout 
the page write cycle to prevent 
writing 
to an unknown 


address 
location. Address 
inputs A 0- 
A 4 are altered 
for each 


byte load cycle and determine 
the individual 
byte to be 


written within the page. 


[5J A maximum 
of 32 bytes may be loaded in a single page 


write cycle. 


ble (OTP) EPROM fills the gap between the standard 
EPROMin cost and functionality 
because this product 


can be programmed like a standard EPROM,but can- 
not be erased. Since it doesn't have the special EPROM 
package with transparent lid, the cost is less than an 
EPROM but higher than a mask-programmable 
ROM. 


The mask charge and lead time is eliminated and the 
parts can be inventoried in their unprogrammed state 
and programmed just prior to final assembly. Waste 
caused by program changes is thus minimized, and 
only one part type is purchased for any number of 
different programs. 


Inthe past, there has existed atechnology gap between 
the faster primary and the slower secondary memories 
(figure 22). Average access time of secondary devices, 
most often magnetic disks and drums, is 1000to 10,000 
times slower than that of primary devices. Electronic 
disks such as charge-coupled 
devices and magnetic 
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bubble 
memories have not proved cost-effective 
in 
closing the technology 
gap and thus have had little 
impact on system design. 


Standard 
semico'nductor 
memory in the secondary 


level is able to bridge this gap, and of the various 
alternatives, 
battery 
backed-up 
static 
RAM 
and 
EPROM/EEPROMtechnologies 
historically 
have been 
used in solid-state nonvolatile systems. Typically they 
have been restricted 
to 
low-capacity 
applications, 


since the high cost of static RAMs prohibits using them 
either as replacements for magnetic media or in appli- 
cations where the operating environment makes rotat- 
ing media too unreliable. 


NEC's pPD42601 silicon file, a device with higher per- 
formance, higher capacity, and lower power require- 
ments is also able to bridge this performance gap. The 
silicon file is based on DRAMtechnology and provides 
the capacity and reliability 
of a standard DRAM, but 
also features away to retain data by means of batteries 
when power is shut off. Although reliability and rugged- 
ness are important attributes of solid-state memories, 
the silicon file also offers advantages such as lighter 
weight, higher I/O bandwidth, and simpler interfacing. 


The silicon file is an economical mass storage device 
specifically 
designed to replace magnetic 
media in 
silicon disk, solid-state recording, and system backup 
applications. 
It is based on the trench cell technology 
of NEC's 1M DRAMsand implements the same read and 
write cycles (figure 23), but optimizes system band- 
width with a page cycle that repeatedly pulses CAS 
while maintaining RAS low (figure 24). The silicon file 
must also periodically execute standard RAS-only and 
CAS before RASrefresh cycles to refresh its cells within 
a specified interval of 32 ms, which is four times slower 
than a 1M DRAM. 


An important feature of the silicon file is its ability to 
retain data while being powered by a backup battery. 
This is accomplished by means of a self-refresh cycle 
that can be used in applications 
requiring a low data 
retention or self-refresh current. The RFSH control sig- 
nal goes low while the RAS signal is clocked at a 
relatively slow rate (tRCF).Since data loss is caused by 
leakage, and leakage current is a function of tempera- 
ture, tRCFis specified at three temperature ratings: 50" 
C, WC, and 70"C. Each rating has a corresponding 
refresh current 
(directly 
proportional 
to the refresh 


rate) which is required to maintain data (table 2). 


Table 2. 
Self-Refresh Current Versus Clock 
Frequencyand 
Temperature 


Type 
Temperature 
RAS'Clock 
Maximum Current 


fJPD42601-60L 
o to 50'C 
50 KHz 
30fJA 


o to 60'C 
100 KHz 
60fJA 


o to 70'C 
200 KHz 
120fJA 


o to 70'C 
200 KHz 
120fJA 


Self-refresh cycles are intended to be used when power 
to the silicon file's memory array is shut down for an 
extended 
amount of time. In this case, the system 


backup circuit 
is required to provide to the memory 


array a backup supply voltage between 4.5 and 5.5 
volts while pulsing RASat the given tRcFfrequency and 
driving RFSH low. As long as the circuit can maintain 
these operating 
conditions, 
the silicon file will retain 


data. 
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Introduction 


The objective in designing a hierarchical memory sys- 
tem is to match the processor's speed either with the 
rate of information transfer or with the bandwidth of the 
memory at the lowest level, at a reasonable cost. No 
one type of device meets all criteria, Le., inexpensive, 
reliable, fast and nonvolatile. In fact, the hierarchy in 
most computers is often organized so that the highest 
level has the fastest speed and the lowest level has the 
lowest speed, e.g., a cache typically 
resides in the 


highest level and contains the fastest and most expen- 
sive memory, the next level contains random access 
devices that are 5 to 10times slower than the cache, 
and the lowest level has the slowest and cheapest 
devices. 


In the past, there has existed atechnology gap between 
the faster primary and the slower secondary memories 
(figure 1). Average access time of secondary devices, 
most often magnetic disks and drums, is 1000to 10,000 
times slower than that of primary devices. Electronic 
disks such as charge-coupled 
devices and magnetic 


bubble memories 
have not proved cost-effective 
in 


closing the gap and thus have had little impact on 
system design. 


Standard 
semiconductor 
memory in the secondary 


level is able to bridge this gap, and of the various 
alternatives, 
battery 
backed-up 
static 
RAM 
and 


EPROM/EEPROMtechnologies 
historically 
have been 


used in solid-state nonvolatile systems. Typically they 
have been 
restricted 
to 
low-capacity 
applications, 


since the high cost of static RAMs prohibits using them 
in place of magnetic media or in applications where the 
operating 
environment makes rotating 
media unreli- 


able. 


NEC's pPD42601 silicon file, a device with higher per- 
formance, higher capacity, and lower power require- 
ments is also able to bridge this performance 
gap. 


Based on DRAMtechnology, the pPD42601 provides the 
capacity and reliability of a standard DRAM, but also 
features a way to retain data by means of batteries 
when power is shut off. It also offers the reliability and 
ruggedness of solid-state memories, as well as lighter 
weight, higher I/O bandwidth, and simpler interfacing. 
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Functional Overview 


Standard 
Operation. 
The silicon file is specifically 
de- 


signed to replace magnetic media in silicon disk, solid- 
state recording, and system backup applications. 
It is 


based on the trench 
cell technology 
of NEC's 1M 


DRAMsand implements the same read and write cycles 
(figure 2), but optimizes system bandwidth with a page 
cycle that repeatedly 
pulses CAS while maintaining 


RAS low (figure 3). The silicon file also periodically 
executes 
standard 
RAS-only and CAS before RAS 


refresh cycles to refresh its cells within a specified 
interval of 32 ms, which is four times slower than a 1M 
DRAM. 


Low-Power 
Operation. 
An important feature of the sil- 


icon file is its ability to retain data while being powered 
by a backup battery. This is accomplished by means of 
a self-refresh cycle that can be used in applications 
requiring a low data retention or self-refresh current. 
The RFSH control signal goes low while the RASsignal 
is clocked at a relatively slow rate (tRCF).Since data 
loss is caused by leakage, and leakage current is a 
function 
of temperature, 
tRCF is specified 
at three 


temperature ratings: 500C,WC, and 700C.Each rating 
has a corresponding 
refresh current (directly propor- 


tional to the refresh rate) which is required to maintain 
data (table 1). 
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Table 1. 
Sell-Refresh Current Versus Clock 
Frequency and Temperature 


Type 
Temperature 
RAS" Clock 
Maximum Current 


JlPD42601-60L 
o to 5O"C 
50 KHz 
30 JlA 
o to 6O"C 
100 KHz 
60JlA 
o to 70"C 
200 KHz 
120 JlA 
o to 70"C 
200 KHz 
120 JlA 


Self-refresh cycles are intended to be used when power 
to the silicon file's memory array is shut down for an 
extended 
amount of time. In this case, the system 
backup circuit is required to provide to the memory 
array a backup supply voltage of between 4.5 and 5.5 
volts while pulsing RASat the given tRCFfrequency and 


I 
I 
tCSH 
I 


driving RFSH low. As long as the circuit can maintain 
these operating conditions, 
the silicon file will retain 


data (figure 4). 


Special consideration 
must be given to the require- 


ments for tRCFnear periods of limited standard refresh 
cycles, and to the time restriction when entering and 
exiting self-refresh operation (refer to the data sheet for 
the pPD42601 as well as Application Note 56). 


Comparison with 1M DRAMs 


Table 2 compares 
the functions 
of the pPD421000 


DRAM with the pPD42601 silicon 
file. Both have a 


similar 1M x 1 organization 
and interface circuit, and 


both are available in the same high-density 26/20-pin 
plastic SOJ and 20-pin plastic ZIP packages. 
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Not.: 


[1) RFSH = VIH. 
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Package 
Access 
Times 
Active 
Power 


26-pin plastic SOJ 
Fast-Page 
40 mA max 


20-pin plastic ZIP 
tRAC = 120 ns 


18-pin plastic DIP 
tCAC = 30 ns 


tpc = 70 ns 


Standard 


tRAC = 600 ns- 


tCAC = 100 ns 


tpc = 200 ns 


Refresh Operation 


CAS before RAS refreshing 


RAS-only refreshing 


Standby refresh current 


RAS cycle at 64 KHz = 1 7 mA 


_• 
CAS before RAS refreshing 


RAS-only refreshing 


26-pin plastic SOJ 


20-pin plastic ZI P 


Page 


tRAC = 600 ns 


tCAC = 100 ns 


tpc = 200 ns 
Refresh current = 10 mA max 


Self-refresh current 


(RAS cycle) 
50 KHz = 30 j1A 


100 KHz = 60 j1A 


200 KHz = 120 j1A 


Figure 
4. 
Block Diagram of Backup 
Circuit 
for 
Self-Refreshing 


Access Time and Power Comparison 


The 1M DRAMis designed for high performance at low 
cost. Its optimized technology, also used in the silicon 
file and based on NEC's CMOS process and trench 
memory cell, is proven to provide high reliability, excel- 


lent immunity to alpha particles, and accelerateq soft 
error rates of less than 1000 FITs (Failures in Time or 
errors in device-hours). 


Figure 5 shows a comparison of the die layouts for the 
silicon file and 1M DRAM.The 1M DRAM is segmented 
into 16 memory cell arrays with appropriate 
column 


decoders and sense amplifiers separating each pair of 
arrays. This highly segmented approach is used to 
reduce the length of the bit line, which in turn reduces 
bit line capacitance and results in a faster access time. 


Conversely, the eight memory cell segments and eight 
sense amplifiers in the simplified layout of the silicon 
file optimize power consumption 
rather than access 


time. The silicon file has a slower access time and lower 
active current, 
and although 
active current 
can be 


reduced in any DRAM if cycle time is also reduced, 
active current in the silicon file is still much lower than 
active current in a DRAMwhen both are operating at a 
1Jis cycle rate. 


When a standard 
DRAM and the silicon file are not 


being accessed by the system, they operate in standby 
and dissipate a current much lower than their active 
current. Standby is used by both devices to reduce 
system power requirements during normal system op- 
eration. The silicon file also has a unique self-refresh 


cycle that isn't implemented on a standard DRAM and 
can operate at very low currents, as low as 30J.lA,and 
still retain data via a battery powered backup system. 
Furthermore, the silicon file uses an additional 
RFSH 


pin (pin 4 on the 2O/26-pin SOJ and pin 9 on the 20-pin 
plastic ZIP). 


System Design 


When considering 
a system design using the silicon 


file, the system designer will recognize a number of 
similarities with the 1M DRAM. Both devices use the 
same x1 organization, as well as RAS,CAS, WE and Ao 


through Ae,and both are available in the same SOJ and 
ZIP package types. Typically, 
a silicon 
file system 


design will be functionally 
similar to a standard DRAM 


system, making it very easy for the designer to use 
traditional 
DRAM system design techniques. 


Figure 6 shows an interface between the silicon file and 
a host interface. It is very similar to a DRAM system, 
except for the power monitor and backup circuit used 
to implement self-refreshing. The interface circuit 
is 


application-dependent, 
and can be an interface to a 


variety of standard I/O or memory interfaces. 
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The control circuit supervises interaction between the 
host interface and the storage array of the silicon file, 
translating 
signals from the host interface into silicon 


file access cycles and controlling 
the transfer of data 


on the host interface 
bus. The power monitor 
and 


backup circuit track power supply voltage for power 
failures or shutdowns, and maintain memory data by 
generating control 
signals for self-refresh cycles and 


battery backup voltage. To increase system reliability, 
an error correction 
and detection 
circuit, 
such as a 


parity bit or ERCC, may be implemented. One common 
design characteristic 
is that the silicon file control and 


memory 
array 
circuits 
will 
remain 
application- 


independent, while the system interface circuit will be 
application-dependent. 


Control Circuitry 


This section focuses on the circuitry 
of a silicon file 


system, 
and 
in 
particular 
on 
the 
application- 


independent control circuits and various system inter- 
faces. 


The similarity between the silicon file and a 1M DRAM 
extends to the organization 
of their memory cells in a 


matrix of rows and columns, with each individual cell 
accessed by first addressing a row and then a column 
(figure 7). The external 
address is presented to the 


silicon file in two parts, as shown in the waveform in 
figure 2. The row address first is driven on the address 
input pins and RAS goes low to clock the row address 
into an internal row address latch. The row address 
must be stable for the specified 
setup time of tAsR 


before RAS is asserted, and also for the specified hold 
time of tRAHafter RAS is asserted. 


The address inputs are then changed to column ad- 
dresses and CAS is asserted. CAS also serves as the 
output enable signal, in that the three-state driver is 


enabled whenever CAS is asserted. The time when CAS 
can be asserted is determined by the minimum require- 
ments for a RAS to CAS delay, as specified by tRCO. 
Additionally, 
setup and hold times for CAS must be 


met. Presenting the address in two parts has the advan- 
tage of reducing by 50% the number of address pins 
and the package size. The silicon file istypically used in 
large memory systems where chip size is an important 
consideration. 


Data is available after the access times from both RAS 
(tRAd and CAS (tcAd have been satisfied. The limit of 
performance 
is determined 
by the access time from 


RAS. If the assertion 
of CAS is delayed longer than 


required, then maximum performance will not be ob- 
tained and access time from CAS will determine the 
overall access time. 


Another specification 
of importance 
is the tRP pre- 


charge time for RAS,which is required for the memory 
circuit to recover from the previous access. Because a 
read cycle destroys the data in an addressed memory 
cell, a precharge cycle must be executed to restore the 
data and equalize signal levels on the bit lines. Thus, 
the cycle time for a silicon file is greater than the access 
time. The difference between access time and cycle 
time is equal to the precharge time, e.g., a silicon file 
with an access time of 600 ns will have a cycle time of 
1Jls. 


Figure 8 shows the timing for an early write cycle. The 
addressing sequence is the same; the only difference is 
that WE is asserted, and data is supplied by the CPUon 
the DINpin. There are two types of write cycles, d9Jlend- 
ing upon the timing relationship between WE and CAS. 
Figure 8 shows the WE signal being asserted before 
CAS. In this case, setup and hold times are referenced 
to the falling edge of CAS. In a late write cycle, WE is 
asserted after CAS. 
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Refreshing of Dynamic Cells 


The silicon file, as well as all DRAMs, uses a memory 
cell structure that stores a dynamic charge on a capac- 
itor, which means that the charge can decrease in time 
because of leakage. As a result, all devices using DRAM 
cell technology 
must be periodically 
restored or re- 


freshed. Whenever a row is selected in a silicon file, all 
the cells in that row are accessed and the charge in that 
cell refreshed. The maximum interval in which a row 
address must be refreshed is called the refresh period 
(tREF)and is specified as 32 ms for the silicon file. If 
each row address is not accessed every 32 ms, data in 
that row cannot be guaranteed. 


Two refresh cycles can be used to refresh a silicon file. 
RAS-only refresh cycles are executed when the refresh 
address is driven onto the address pins by an external 
circuit when RAS is low. CAS is left inactive during this 
cycle since no data is being read or written. 


To simplify the circuitry 
needed to initiate refresh cy- 


cles, the silicon file has an on-Chip counter that gener- 
ates every refresh address and is activated by assert- 
ing CAS before the RAS signal. Internal control logic 
detects this state and uses the address generated by 
the internal refresh address counter to execute a CAS 
before RAS refresh cycle, which is st"andard in most 
DRAMs. Its advantage is that no external counter is 
required and the refresh address sequence is main- 
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tained when switching between CAS before RAS and 
self-refresh operation 
during operation 
of the silicon 
file. In fact, the use of RAS-only refresh cycles with the 
silicon file is discouraged 
because of the difficulty 
in 


synchronizing 
RAS-only operation 
(external 
refresh 
counter) 
with self-refresh operation 
(internal refresh 


counter). 


Page Mode 


The silicon 
file provides 
a page mode to increase 
effective 
bandwidth 
of the memory 
hierarchy. Page 
mode takes advantage of the matrix organization of the 
silicon file by continuously 
accessing data in a single 


row in the memory array. The silicon file is organized 
with 512 columns per each of the 512 rows, allowing a 
page cycle to access a maximum of 512 bits of informa- 
tion. The first word is accessed in the same manner as 
in a standard read and write operation, with row ad- 
dresses latched 
onto the chip by RAS and column 


addresses latched by CAS. Subsequent column ad- 
dresses are accessed for each CAS cycle, repeated for 
a period equal to the maximum specification 
for the 


RAS pulse width. System performance 
is enhanced 


because the 100ns page cycle access time (tpc) is 
much faster than the 600 ns standard access time from 
RAS. In solid-state disk applications, 
a 512-byte sector 


can use a page cycle to reduce read or write access 
times for the sector. However, the logic required to 
implement 
a page cycle is more complex 
than for 


conventional 
read or write operation, 
requiring extra 


system control logic or a controller chip that supports 
page mode. 


Control and Interface Circuit Design 


A silicon file requires a number of functions 
to be 


performed 
to execute a read or write operation. 
A 


control circuit must determine that a valid silicon file 
cycle is being executed 
and translate the read and 


write control signals from the ho~t CPU into RAS,CAS 
and WE signals compatible with silicon file timing. The 
address must be latched and multiplexed into the row 
and column address, conforming to the timing specifi- 
cations. Finally, the silicon file must be refreshed peri- 
odically to guarantee data retention. 
. 


The first task requires the control circuit to monitor the 
system interface and determine if a valid silicon file 
cycle is being executed 
by the host. When a valid 


access cycle is active, the control circuit must interface 
with the host through asynchronous or asynchronous 
acknowledgement signals that determine when silicon 
file data will be valid on the system bus. The control 
circuit must also generate control and timing signals to 


the silicon file memory array that executes a read or 
write cycle. Once the cycle is complete, the control 
circuit releases the system interface for the next oper- 
ation. 


A control 
circuit 
can be implemented 
with discrete 


logic or integrated 
controller 
circuits that include a 


number of on-chip 
interface functions. 
The discrete 


design requires a PAL-based, status machine control 
circuit to perform the following functions: 


o Determine valid silicon file access cycles 


o Input and translate the system interface control 


signals into silicon file control signals, i.e., RAS, 
CAS, WE 


o Acknowledge to the host when valid data is 


available 


o Execute refresh cycles 


The controller 
must also determine when a refresh 


cycle is required and provide the circuitry for control- 
ling the silicon file data and address path control and 
timing circuits. 


The PAL-based controller 
must provide internal syn- 


chronous feedback of system access information 
and 


synchronize timing of the silicon file access cycle with 
timing 
of the host's access cycle. The valid signal 


indicates to the control circuit that an access to the 
silicon file is being requested by the host. The control 
circuit must determine if the system access is a read or 
write cycle, determine whether a refresh cycle is also 
being requested at the same time, signal the host to 
wait for valid data, generate the RAS enable signal to 
initiate the control and addressing timing circuits of the 
silicon file. 


Once the control circuit 
has determined that a valid 


access cycle is being executed 
and arbitrated 
any 


refresh and access cycle conflicts, it must generate the 
RAS enable signal to initiate the control and address 
timing circuit. This circuit generates the RAS and CAS 
signals and controls the address multiplexer that mul- 
tiplexes the row and column addresses. Since most 
silicon file devices are organized into banks of data, the 
control circuit must also determine what bank is being 
accessed. The bank decoder circuit decodes the ap- 
propriate address bits and selects the RAS signal for 
the selected bank allowing the read or write cycle to 
start. 


The address multiplexer, a two-input device controlled 
by the select signal 
(mux_select) 
generated 
by the 


control circuit, selects either the lower or upper ad- 
dress bits to generate the row and column address 
(figure 9). In applications 
using RAS-only refresh cy- 
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cles, the refresh address must also be multiplexed onto 
the address lines during a refresh cycle. This can be 
done with an additional 
multiplexer or by using three- 


state drivers to drive the address onto 
one of the 


multiplexer inputs. Since the silicon file use~ the inter- 
nal CAS before RAS address counter for self-refresh 
operation, it is recommended that the CAS before RAS 
refresh method 
be used to eliminate 
the need for 


synchronization 
of the external RAS-only refresh with 


the internal self-refresh address. An additional 
signal 


from the PAL-based control circuit is required to enable 
the CAS signal before the RAS signal. 
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AO 
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Address 
C2 
Drivers 
AS 
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Ag 
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pPD42601 read or write cycles follow this sequence: 


D The address multiplexer is selected for the row 


address bits and the row address is driven onto the 
address pins for a specified setup time. 


D The control circuit generates RAS, and the bank 


select decoder selects the RAS signal 
corresponding to the selected bank. 


D The row address is maintained for a specified hold 


time. 


D The multiplexer is switched to select a column 
address. 


D The column address is maintained for a specified 


setup time and for the minimum specification 
for a 


RASto CAS delay. 


D The CAS signal is asserted. 


The timing for this cycle must be precise to be able to 
maintain the address setup and hold times and RASto 
CAS delay specifications. 
This timing is usually imple- 


mented in DRAMapplications with a delay line of ± 1 or 
2 ns (figure 10),but since the silicon file's specification 
are not as critical 
as a DRAM's, the timing can be 


derived from a high-speed clock using synchronous 
flip-flop 
circuits 
(although 
consideration 
for timing 


skews between different devices should be considered 
and minimized 
by using flip-flops 
circuits 
from the 


same package). A gate array controller 
could also 


easily generate the address timing signals for a silicon 
file application. 
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Since the silicon file cannot be read or written while a 
refresh cycle is executing, the host cannot always have 
access to memory. The simplest way to override this is 
to halt the host every 32 ms and execute a burst of 512 
refresh cycles, also known as burst refreshing. It must 
be pointed out that burst refresh cycles can degrade 
the performance of the system. The percentage of time 
that the microprocessor 
is halted for refreshing isn't 
large, but the length of the burst refresh period in- 
creases the system's latency time in responding to an 
asynchronous event. 


Another approach is called distributed 
refreshing, in 


which a single refresh cycle is executed every 62.5J1s. 
Inthis method, if a refresh cycle and an access cycle are 
active at the same time, the silicon file control circuit 
must arbitrate control between the two CYCles,Le.,the 
control 
circuit 
must delay the host until the refresh 


cycle is completed by causing the host to execute a 
wait state. The refresh cycle must take precedent over 
the active access cycle to ensure that the maximum 
refresh period is not exceeded. Both refresh methods 
require a refresh interval counter to signal the control 
circuit when a refresh cycle is to be executed. This 
circuit consists of synchronous counters, clocked by 
the system clock and reset after each refresh cycle. 


Data Input 


Data to be written into a selected cell is latched by an 
on-chip register with the combination 
of the WE and 


CAS signals while RAS is active. There are two types of 
write cycles, both of which depend on when the write 
data is available. If write data is valid before CAS goes 
low, an early write cycle can be executed. In an early 
write cycle, WE signal is asserted before CAS, and 
setup and hold times for the write pulse and the data 
are referenced to the falling edge of CAS. The other 
type is called a late write, and is executed when WE 
and CAS are both low. Since CAS controls the output 
drivers, the output 
buffer is briefly enabled from the 


time CAS is active until the assertion of the WE signal. 
In a late write cycle, setup and hold times are refer- 
enced from the falling edge of WE. 


The timing specification 
for the host's write data will 


determine which write cycle is to be implemented 
in 


each design. If data is valid before the assertion of CAS, 
the control circuit must assert a write pulse before CAS 
while maintaining the specified twcs write command 


setup, tWCHhold, and twP pulse width times. Since the 
WE signal is connected in parallel to all of the silicon file 
chips, propagation delays caused by capacitive load- 
ing should also be taken into account. 


The circuit may also require write data to be latched in 
a transparent latch if the host isn't capable of maintain- 
ing write data long enough to meet the setup and hold 
times, or if a refresh arbitration 
cycle has to remain 


active during a number of wait cycles. A write data latch 
is controlled 
by a data strobe from the host that is 


connected to the latch enable input of the latch. The 
strobe should be high while write data is valid. The host 
system bus and the falling edge ofthe data strobe latch 
the write data at the end of the host's data cycle. The 
need for a write data latch is dependent upon the host's 
requirement for write data timing and should be con- 
sidered when designing a silicon file circuit. 


Memory Design Considerations 


The siIicon fi Ie memory array is organized into banks of 
chips, and the size of each bank is determined by the 
size of the system bus, as well as by the additional 
chips required for parity or error detection and correc- 
tion (ERCC). R>rexample, a 20 MByte solid-state disk 
with ERCC will have 5 banks of silicon file chips, each 
bank consisting 
of 32 devices to store the memory 


word and 7 devices to store the ERCC syndrome bits. 
The bank organization allows active system power to 
be minimized because only a part of the total array is 
accessed during each cycle. 


The bank organization 
requires that the address and 


control lines be wired in parallel, which presents a large 
capacitive 
load to the driver circuits. 
The compact 


design presents inductive and capacitive loads to the 
address and control 
line drivers, which 
can cause 


ringing and large under- and overshoots during signal 
transitions, subsequent violation of addresS setup and 
hold times, or glitching on the control 
lines that will 


result in memory failures. The undershoot and ringing 
can be minimized with proper printed circuit 
board 


design techniques that reduce not only the length of the 
etch run between the driver and input pin but also the 
impedance of the signal etch. This is accomplished by 
means of damping resistors between the address and 
control line drivers and the silicon file inputs (figure 11). 
The value of these damping resistors is typically 
15to 


33 ohms and should be empirically chosen. 
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Because of the large input capacitance of the memory 
array, the transitions of address and control signals are 
slowed 
by the 
need to charge and discharge 
this 


capacitance. 
Drivers designed for use with memory 


arrays can drive large capacitive 
loads, but the de- 


signer must account for the added propagation 
delay 


due to the loading effects. If driver circuits are required 
to drive the address and control lines of each memory 
bank, the bank must divided into separate groups, and 
the total capacitance load must not exceed the driver's 
capabilities. Rlr this purpose, some manufacturers pro- 
duce memory drivers, but an integrated memory con- 
troller will provide such drivers internally. 


A typical memory driver can drive a 250 pF capacitive 
load with the silicon file address and control line inputs 
specified at 5 pF for address lines and 8 pF for control 
lines. Rlr a bank of 39 chips, one driver is required to 
drive each address line ("'0 through ~) and two drivers 
to drive each control 
line (RAS, CAS, and WE). This 


requires 16 drivers for all address and control 
lines. 
Because the driver circuits 
are quad packages, an 


additional 
four packages are required to drive each 


bank. 


R 


RASe 


Memory 


Driver 


RASn 


CASe 
II 


Memory 


Driver 


CASn 


Power Distribution and Decoupling 


As in all high-speed memory designs, controlling 
large 


current transients and protecting high frequency com- 
ponents from fast switching speeds is an important 
consideration. 
In order to control these current tran- 


sients and prevent them from generating voltage spikes 
that can cause loss of data and soft errors, every effort 
must be made to minimize impedance in the decou- 
piing path of the device. 


The decoupling path is the trace distance from a power 
pin through a decoupling 
capacitor 
and to package 


ground. The impedance of this path is determined by 
the line inductance and series impedance of the decou- 
piing capacitor. The line inductance can be minimized 
either by providing a power plane or by girding the 
power. To increase the effectiveness 
of the girded 


power, decoupling 
capacitors 
should be placed be- 


tween the power and ground pins of every chip. The 
decoupling 
capacitors 
used for a typical silicon file 


design would be a high frequency (100MHz) 0.2J.JF 
ceramic capacitor. Since most memory designs have 
some low frequency DC currents, large bulk electrolyte 
27 J.JFcapacitors should be located judiciously around 
the periphery of the printed circuit board. 
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Memory Cards II 


Section 4 
Memory Cards 


MC-174/176 
1,048,576-/4,194,304-Bit 
Memory 
Cards 


Introduction 


The MC-174and MC-176are static RAMcards designed 
for use in applications 
where portability 
is required. 


They are packaged in a metal container, approximately 
the same size as a credit card. However, the thickness 
is 3.4 mm (0.133inches), which is the thickness of about 
three credit cards. 


The cards use standard 32,768x 8-bitpPD43256A static 
RAMthat is able to retain data by means of an internal 
battery when system power is unavailable. The data 
bus may be configured as either 8 or 16 bits. Further- 
more, the upper or lower memory bytes may be con- 
nected for input or output to the upper or lower bytes of 
the data bus. 


The MC-174 is organized 
as 131,072 bytes and the 


MC-176 as 524,288 bytes. An external switch prevents 
accidental changing of write data. 


o Credit card size 
o Two densities 


-MC-174 
= 131,072bytes 
-MC-176 
= 524,288 bytes 


o Easily accessible write protection switch 
o Electronic card identification 
o Selectable data-bus width of 8 or 16 bits 
o Replaceable battery 
o Battery test circuit 
o Single + S-volt power supply 


Ordering Information 


Read Access 
Cycle 
(max) 
Package 


50-pin Ie card 


50-pin Ie card 


MC-174 


MC-175 


250 ns 


250 ns 


131,072 byles 


524,288 byles 


Pin Configurations 


SO-Pin IC Card (MC-174) 
- 


GND 
1 
0 
NC 
BC 
3 
00 
2 


CE 
5 00 
4 
CD 


OE 
7 
00 
6 
WE 


NC 
9 
00 
8 
NC 


VCC 
11 
00 
10 
UB/lB 


Do 
13 
00 
12 
NC 


D2 
15 
00 
14 
D1 


D4 
17 
00 
16 
D3 


D6 
19 
00 
18 
D5 


NC 
21 
00 
20 
D7 


D9 
23 
00 
22 
D8 


D11 
25 ~~ 


24 
D10 


D13 
27 
26 
D12 


D15 
29 
00 
28 
D14 


GND 
31 
00 
30 
NC 


Ao 
33 
00 
32 
GND 


A2 
35 
00 
34 
Al 


A4 
37 
00 
36 
A3 


A6 
00 
38 
AS 
39 
A7 
A8 
41 
00 
40 


A10 
00 
42 
A9 
43 
All 
A12 
45 
0 
44 
00 
46 
A13 
A14 
47 
0 
48 
A15 
VCC 
49 
00 


A16 
51 
o~ 
50 
MBS 


52 
NC 
NC 
53 
0 
54 
NC 
NC 
55 
00 


NC 
57 
00 
56 
NC 
0 
56 
NC 
GND 
59 
00 
60 
NC 
J1.. 
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MC-174/176 


Pin Configurations (cont) 


6O-Pin IC Card 
(MC-176) 


GND 
1 0 
NC 
BC 
3 
00 
2 


CE 
5 
00 
4 
CD 


OE 
00 
6 
WE 
7 
NC 
NC 
9 
00 
8 


VCC 
0 
10 
Us/LB 
11 
0 
12 
NC 
DO 
13 
00 
Dl 
D2 
15 
00 
14 


D4 
17 
00 
16 
D3 


D6 
19 
00 
18 
D5 
0 
20 
D7 
NC 
21 
0 
D8 
D9 
23 
00 
22 


D11 
25 
o~ 
24 
DlO 


25 
D12 
D13 
27 
00 
28 
D14 
D15 
29 
0 
00 
30 
NC 
GND 
31 
GND 
Ao 
0 
32 
33 
00 
34 
A1 
A2 
35 
0 
36 
A3 
A4 
37 
00 


A6 
39 
00 
38 
AS 


A8 
00 
40 
A7 
41 
42 
A9 
A10 
43 
~~ 


44 
All 
A12 
45 
46 
A13 
A14 
47 
A15 
VCC 
00 
48 
49 
50 
MBS 
A15 
51 
00 
52 
An 
A18 
53 
00 
0 
54 
NC 
NC 
55 
00 
56 
NC 
NC 
57 
00 
58 
NC 
GND 
59 
00 
NC 
50 


Pin Identification 


Symbol 


Ao-A18 


BC 


CD 


CE 


00- 
015 


MBS 


OE 


DB/LB 


WE 


GND 


VCC 


NC 


Addresses 


Battery 
check 


Card detect 


Card enable 


Data inputs/outputs 


Bus select 


Output 
enable 


Upper byte/lower 
byte 


Write enable 


Ground 
+5-volt power supply 


No connection 
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Pin Descriptions 


Ao through 
A18'These pins serve as addresses for 


standard read and write cycles. 


BC (Battery Check). This pin measures the voltage of 
the card's internal backup battery. 


CD (Card 
Detect). This pin controls 
reading of the 


electronic signature. 


CE (Card Enable). This pin is used to select the card 
for read or write 
operation. 
CE high activates the 


device and CE low puts it in standby. 


Do through 
015, These pins serve as the data bus 


interface between the MC-174/176and the system. 


MBS (Memory Bus Select). Ouring a write cycle, the 
signal from this pin selects a byte of the data bus to be 
written. 


OE (Output Enable). The signal from this pin controls 
the output drivers for 00 through 015. 


UB/LB (Upper Byte/Lower 
Byte). The signal from this 


pin selects the upper or lower byte of the memory card 
for connection to the upper or lower byte of the data 
bus. 


WE (Write Enable). This pin controls 
read and write 


operation. 


Addressing 


Addresses on the MC-174/176 designate bytes to be 
selected. Since the cards are able to be organized as a 
or 16bits, the lower memory byte is selected when Ao is 
low and the upper memory byte when Ao is high. Ao is 
the least significant 
bit in byte organization. 
In word 


organization, Ao remains low and A1 becomes the least 
significant bit. 


The MC-174/176 are internally organized as two a-bit 
bytes, 
a lower 
byte 
encompassing 
locations 
MOo 


through M07 and an upper byte encompassing 
MOB 


through M015.The lower and upper memory bytes may 
be logically connected to the lower or upper data bus, 
00 through 
07 and 0B through 
015, respectively, as 


specified 
by a combination 
of signals from Ao and 


UB/LB. 
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A low on UB/LB while Ao is toggling connects first the 
lower and then the upper memory byte to the lower byte 
of the data bus (Dothrough 07)' Ao first goes low and 
then high, respectively. The upper byte of the data bus 
is connected to the upper memory byte while UB/LB is 
low, regardless of whether Ao is high or low. A high on 
UB/LB while Ao is toggling 
alternately 
connects the 


lower memory byte to both bytes of the data bus when 
Ao is low. The upper memory byte is connected to both 
bytes of the data bus when Ao is high. See table 1. 


If 16-bit data is required, i.e., with the upper memory 
byte connected to the upper data bus and the lower 
memory 
byte to the lower data bus, then Ao must 


remain low and A1 becomes the least significant bit. 


Table 1. 
Read Data Bus Control 


UBjLB 
Ao 
Os through 
015 
DOthrough 
07 


VIL 
VIL 
Upper by1e 
Lower byte 


X 
VIH 
Upper byte 
Upper byte 


VIH 
VIL 
Lower by1e 
Lower byte 


(1) Lower by1e = MOo through 
MDr. 


(2) Upper byte = MOs 1hrough M015. 


Read Operation 


Read operation is initiated by applying high logic levels 
to CE and OE and low levels to CD and WE. 


II 


Write Operation 


When WE is high and OE low, either aword or byte write 
cycle may be executed (table 2). In a word write cycle, 
UB/LB and Ao must be low to enable the upper and 
lower data buses to be written to the upper and lower 
memory bytes, respectively. The signals of MBS, UB/LB 
and Ao are used to select a byte write cycle, during 
which either the upper (MBS high) or lower data bus 
(MBS low) is active. UB/LB and Ao specify whether the 
active data bus is connected to the upper or lower 
memory byte. 


MBS 
UB/LB 
Ao 
Os through 
015 
Do through 
07 


X 
VIL 
VIL 
Upper byte 
Lower byte 


VIL 
X 
VIH 
Not used 
Upper byte 


VIL 
VIH 
VIL 
Not used 
Lower byte 


V1H 
X 
V1H 
Upper byte 
Not used 


VIH 
VIH 
VIL 
Lower byte 
Not used 


(1) Lower byte = MOo through MDr. 


(2) Upper byte = MOa through M015. 


Signature Read Operation 


The existence and type of memory card installed may 
be detected by the system using a signature read cycle. 
The card signature is accessed by applying a high logic 
level to CD and OE and a low to CE and WE. The 
signature word will then be accessible on Do through 
D15of the data bus. Table 3 decodes the contents of the 
signature word. 


~ 


10kn 
Be 


+ 
3Vr 


Checking the Battery 


When the internal battery is being used to back up the 
memory, the connector pins should be open. 


The BC pin is used for testing the voltage of the internal 
backup battery (figure 1 shows a diagram of the cir- 
cuit). The battery (type CR2025) may be discharged 
through this pin, and it is therefore advisable for exter- 
nal circuits connected to BCto have an impedance of 1 
MO or greater. This impedance level will minimize dis- 
charge during voltage testing and maximize the life of 
the battery. 


New batteries have a voltage of 3 volts. As the battery 
is discharged and voltage drops to 2.5 volts, the battery 
should be replaced within 
10 hours. To retain data 


during battery replacement, ensure that Vcc is con- 
nected to a + 5-volt source. 


Connectors 


The JC20-E605-F1-A4 memory card connector 
and 


one of two 60-pin mating 
connectors 
(either JC20- 


E60PA-LT1-A4 or JC20-E60PAcLT2-A4, depending 
on 


the thickness of gold plating 
required) are available 


directly from either of the following: 


JAE Electronics (Headquarters) 
3-1-9,Wakabadai 
Meguro-ku 
Tokyo, Japan 153 
Telephone: 011-81-3-780-2889 
FAX:011-81-3-780-2884 


JAE Electronics (USA Sales Office) 
142Technology Drive, Suite 100 
Irvine, CA 92718 
Telephone: (714) 753-2600 
FAX: (714)753-2699 
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Table 3. 
Signature Read Operation 


Device 
015 
014 
013 
012 
011 
010 
09 
Os 
07 
06 
05 
04 
03 
O2 
01 
DO 


MC-174 
VIH 
VIL 
WP 
X 
X 
VIH 
VIL 
VIL 
VIL 
VIH 
VIL 
VIL 
VIL 
VIH 
VIL 
VIH 


MC-176 
VIH 
V1L 
WP 
X 
X 
VIH 
VIL 
VIL 
VIL 
VIH 
VIL 
VIL 
VIL 
VIH 
VIH 
VIH 


Notes: 


(1) WP = the status of the write protect switch, 
where VIH indicates 


write 
protection 
has been enabled and VIL means it is disabled. 


(2) X can be either VIL or VIH. 


Absolute Maximum Ratings 


Supply voltage, 
Vcc 


Input voltage, 
VIN (Note 1) 


Output 
voltage, 
VOUT 


Storage temperature, 
tSTG 


Operating 
temperature, 
tOPR 


Battery 
backup operating 
temperature, 
tBU 


-0.5 to + 7.0 V 


-0.5 to VCC + 0.5 


-0.5 to VCC + 0.5 


-20 to +60'C 


o to +50'C 
o to +50'C 


Notes: 


(1) -3.0 V minimum 
for 50 ns maximum 
pulse width. 


Capacitance 
TA = 25'C; f = 1 MHz; Vcc = 0 V; VIN and Vvo = 0 V 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


Input 
CIN 
10 
pF 
Addresses, CD, CE, MBS, 
capacitance 
OE, UB/LB, WE 


Input/output 
Cvo 
35 
pF 
Do through 
015 


capacitance 


Notes: 


(1) X can be either VIL or VIH. 


Data Bus Control 


UB/LB 
Ao 
MBS 
WE 


VIL 
VIL 
X 
VIL 


X 
V1H 
X 
V1L 


VIH 
VIL 
X 
VIL 


VIL 
VIL 
VIL 
VIH 


X 
VIH 
VIL 
VIH 


VIH 
VIL 
VIL 
VIH 


VIL 
VIL 
VIH 
VIH 


X 
VIH 
VIH 
VIH 


VIH 
VIL 
VIH 
VIH 


Notes: 


(1) X can be either VIL or VIH. 


(2) Lower = MOo through 
MD7. 


(3) Upper = MDa through 
MD15. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.75 
5.0 
5.25 
V 


Input voltage, 
low 
VIL 
0 
0.7 
V 


Input voltage, 
high 
VIH 
2.3 
VCC 
V •• 


Ambient 
temperature 
TA 
0 
50 
'C 


Truth Table 


Function 
Do - 015 
CE 
CD 
WE 
OE 


Standby 
High-Z 
VIL 
VIL 
X 
X 


Read cycle 
Data out 
VIH 
VIL 
VIL 
VIH 


High-Z 
VIH 
VIL 
VIL 
VIL 


Write cycle 
Data-in 
V1H 
VIL 
VIH 
VIL 


Signature 
read 
Data out 
VIL 
VIH 
VIL 
VIH 


High-Z 
VIL 
VIH 
VIL 
VIL 


Invalid 
High-Z 
VIL 
VIH 
VIH 
VIL 


Prohibited 
High-Z 
VIH 
VIH 
X 
X 


Notes: 


(1) X can be either VIH or VIL' 


OE 
015 through 
0a 
D7 through 
Do 


VIH 
Upper byte 
Lower byte 


VIH 
Upper byte 
Upper byte 


VIH 
Lower byte 
Lower byte 


VIL 
Upper byte 
Lower byte 


V1L 
Not used 
Upper byte 


VIL 
Not used 
Lower byte 


VIL 
Upper byte 
Lower byte 


V1L 
Upper byte 
Not used 


VIL 
Lower byte 
Not used 
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DC Characteristics 
TA = 0 to 50°C; Vcc = +5.0 V ±5% 


Parameter 


1/0 leakage current, high 


I/O leakage current, low 


Operating 
supply 
current 


Standby 
supply 
current 


Output 
voltage, 
high 


Symbol 


IOH 


IOL 


ICCA 


IS8 


VOH1 


VOH2 


VOL 


Min 
Max 


260 


-10 


140 


2 


VCC - 0.6 


VCC -1.0 


0.4 


Unit 
Test Conditions 


J1A 
(Notes 1, 2) 


J1A 
(Notes 1, 2) 


mA 


mA 
(Note 3) 


V 
IOH = -0.1 mA 


V 
IOH = -4.0 
mA 


V 
IOL = 4.0 mA 


Notes: 


(1) This parameter 
is periodically 
sampled and not 100% tested. 


(2) VIN = VCC or GND. 


(3) CE:$ 
2.0 V and CD :$ 0.2 V. All other pins :$ 0.2 V or 2: VCC- 
0.2 V or high impedance. 


AC Characteristics 
TA = 0 to sooc; Vcc = +5.0 V ±5% 


Parameter 
Max 
Unit 
Test Conditions 


250 
ns 


250 
ns 


100 
ns 


ns 


120 
ns 


ns 


80 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Read Operation 


Address access time 


CE access time 


CE to output 
in high-Z 


CE to output 
in low-Z 


Output 
enable to output valid 


Output 
hold from address change 


OE to output 
in high-Z 


OE to output 
in low-Z 


Read cycle time 


Write Operation 


Address setup time 


Address valid to end of write 


CE to end of write 


Data hold time 


Data valid to end of write 


Write cycle time 


Write pulse width 


Write recovery time 
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Signature Read Operation 


Address access time 
tADl 


Card signature access time 
tCDl 


Card signature to output in high-Z 
tCD2 


OE access time 
tOOl 


Typ 
Max 
Unit 
Test Conditions 


200 
ns 


100 
ns 


90 
ns 


150 
ns 


60 
ns 


ns 


OE to output in high-Z 


Cycle time 


tOD2 


top 


Notes: 


(1) Input pulse levels = 0.7 to 2.5 V; input pulse rise and fall times = 


5 ns; timing 
reference levels = 1.5 V. See figures 1 and 2 for 


output load. 
II 
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Timing Waveforms 


RelldCycle 


========tR=C========1_- 
_-_- 


Notes: 


[1J CD and WE = VIL 


[2J CE and DE ~ VIH 
_i__ 


tR 


_ 


C 


_ 


Address, 


UBiLB 


~------tAA 
)'1 


Notes: 


[1J CD and WE = VIL 


[2) Address 
Is valid prior to or coincident 
with the high transition of CEo 
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Notes: 


[1J A write cyde occurs during the overlap of a high CE, a high WE, and a low OE. 


(2) CE or WE must be low during address transition. 


[3] 
If OE Is low, the VO pins remain in high impedance. 


[4J During a write cyde, OE must be low prior to the hlgh-to-Iow 
transition of WE. 


[5J During a write cyde, 
MBS must be stable at either a high or low level. 


[6J During this period, the VO pins may be in the output state; therefore, 
Input signals 


of opposite 
phase 
to outputs must not be applied. 
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Timing Waveforms (cont) 


Signature Read Cycle 
CD~1 


\ 
I 


top 


/ 
/ 
/ 
/ 
'(xxxxxx 


\ 
\ 
\ 
\ 
Card Signatur. 
Valid 
LYYYYYY 


__ 
1001_ lh~' 


lAD' 


tCD' 


Notes: 


{1] CE and WE ~ VIL . 
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Section 5 
Dynamic RAM Modules 


M~~ 
~ 
262,144x 8-Bit Dynamic CMOS RAM Module 


MC-41256A8 
5-13 
262,144x 8-Bit Dynamic NMOS RAM Module 


MC-421000A8 
5-25 
1,048,576x 8-Bit Dynamic CMOS RAM Module 


MC-424100A8 
5-39 
4,194,304x 8-Bit Dynamic CMOS RAM Module 


MC·41256A9 
5-51 
262,144x 9-Bit Dynamic NMOS RAM Module 


MC-421000A9 
5-65 
1,048,576x 9-Bit Dynamic CMOS RAM Module 


MC-424100A9 
5-81 
4,194,304x 9-Bit Dynamic CMOS RAM Module 


MC-424256A36 
5-97 
262,144x 36-Bit Dynamic RAM Module 


MC-424256A36BH/FH 
5-109 
262,144x 36-Bit Dynamic CMOS RAM Module 


MC-424512A36 
5-123 
524,288 x 36-Bit Dynamic RAM Module 


MC-424512A36BH/FH 
5-135 
524,288 x 36-Bit Dynamic CMOS RAM Module 


MC-421000A36 
5-147 
1,048,576x 36-Bit 
Dynamic CMOS RAM Module 


MC-422000A36 
5-159 
2,097,152x 36-Bit 
Dynamic CMOS RAM Module 


Dynamic RAM Modules 


MC-42256AE9 


MC-424256AE36 


MC-424512AE36 


MC-421000A36xD 


MC-424512AA40 


MC-421000AA40 


MC-422000AA40 


256K x 9-bil fast-page 
SIMM 


256K x 36-bit fast-page 
SIMM 


512K x 36-bit fast-page 
SIMM 


1M x 36-bit fast-page 
SIMM 


512K x 40-bit 
fast-page 
SIMM 


1M x 40 -bit fast-page 
SIMM 


2M x 40-bit fast-page 
SIMM 


Three-piece 
solution, with speeds to 70 ns 


One-inch height, with speeds to 70 ns 


One-inch height, with speeds to 70 ns 


One-inch height, with speeds to 70 ns 


Speeds to 60 ns 


Speeds to 70 ns 


Speeds to 70 ns 
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MC-157 


262,144 x 8-Bit 


Dynamic CMOS RAM Module 


Description 


The MC-157 is a CMOS-fabricated RAM module orga- 
nized as 262,144words by Bbits and designed to operate 
from a single +5-volt power supply. Good system oper- 
ating margins are provided by advanced dynamic cir- 
cuitry, including a single-transistor storage cell, multi- 
plexed address buffers and flexible refresh controls. 


The MC-157 is packaged in a Single Inline Memory 
Module (SIMM'") and contains two 1-Mbit /-lPD424256 
DRAMs in plastic SOJs and two power supply decou- 
piing capacitors to enhance reliability and reduce the 
size, weight, and cost of a system. Refreshing is accom- 
plished by means of RAS-only refresh cycles, hidden 
refresh cycles, CAS before RAS refresh cycles, or by 
normal read or write cycles on the 512 address combi- 
nations of Ao - Aa during an B-ms period. 


o 262,144-wordx B-bit organization 
o Single +5-volt ± 10%power supply 
o Standard 3D-pin SIMM packaging 
o Two standard 1-Mbit DRAMs incorporated in 


high-density SOJs 


o Two power supply decoupling capacitors 
o Low power dissipation: 11 mW max (standby) 
o TTL-compatible inputs and outputs 


Part 
Number 


MC-157-10 


Fa.t-Page 
Cycle Time 
(mln) 


60 ns 


Package 


3O-pin socket 
mountable 
SIMM 


Acce •• 
Time (max) 


100 ns 


Pin Configuration 


3O-PinSIMM 


o 


o 
II 


VOo 
VOS 


VOl 
V02 


RAS 


CAS 


WE 


AO-AS 


OE 


VCC 
GND 


1/°0 
VOS 


1/°1 
V02 


RAS 


CAS 


WE 


AO-AS 
OE 


VCC 
GND 


fC1,C2 


NEe 


Pin Identification 


Symbol 


Ao-Aa 


1I00-1/~ 
~ 
~ 


WE 


GND 


VCC 


NC 


Function 


Address inputs 


Common data inputs and outputs 


Column address strobe 


Row address strobe 


Write enable 


Ground 


+5-volt 
power supply 


No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 


Operating 
temperature, 
TOPA, ambient 


Storage temperature, 
TSTG 


Short-circuit 
output current, 
105 


Power dissipation, 
Po 


-1.0to 
+7.0V 


o to 70°C 


-55 to + 125°C 


50 mA 


2.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Recommended Operating Conditions 


Capacitance 
Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
TA = 25°C; f = 1 MHz 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 
Parameter 
Symbol 
Max 
Unit 
Pins Under Test 
Input voltage, high 
VIH 
2.4 
Vcc 
+ 1.0 
V 
Input 
CIA 
12 
pF 
Ao-Aa 


capacitance 


CIA 
~,WE 
Input voltage, low 
VIL 
-1.0 
0.8 
V 
16 
pF 


CIC 
pF 
~ 
Ambient temperature 
TA 
0 
70 
°C 
16 
II 


Input/output 
Coa 
8 
pF 
For 1/00 - II~: 
capacitance 
~ 
= VIHto 
disable DOUT 


DC Characteristics 
TA = 0 to 70°C; VCC = 
+5.0 V ±10%; GND = 0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Operating 
current, average 
ICCl 
120 
mA 
~, 
~ 
cycling; 'Rc = tAC min (Note 5) 


Standby 
current 
ICC2 
4.0 
mA 
~=~=VIH 


2.0 
mA 
~ 
= ~ 
= Vcc-0.2V 


Refresh operating 
current, average 
ICC3 
120 
mA 
~ 
cycling; ~ 
= V1H; 


'Rc = 'Rc min (Note 5) 


Fast-page operating 
current, average 
ICC4 
100 
mA 
~ 
= VIH; ~ 
cycling; 


tpc 
= tpc min (Note 5) 


~ 
before ~ 
refresh operating 
current, 
ICC5 
120 
mA 
~ 
cycling; ~ 
= V1L; 


average 
'Rc = 'Rc min (Note 5) 


Input leakage current 
IlL 
-20 
20 
p.A 
VIN = 0 to VCC; other pins = 0 V 


Output leakage current 
10L 
-10 
10 
p.A 
DOUT disabled; 
VOUT = 0 to VCC 


Output voltage, low 
VOL 
0 
0.4 
V 
lOUT = 4.2 mA 


Output voltage, high 
VOH 
2.4 
VCC 
V 
lOUT = -5 mA 


MC-157 
t-rEC 


AC Characteristics 
TA = 0 to 70'C; vcc 
= +5.0 V :tto,*, 


Parameter 
Symbol 
Mln 
Max 
Unit 
Test Conditions 


Random read or write cycle time 
!Rc 
tOO 
ns 
(Note 6) 


Fast-page cycle time 
!Pc 
60 
ns 
{Note 6) 


Refresh period 
!REF 
8 
ms 
Addresses Ao - Aa 


Access time from RAS 
tRAG 
100 
ns 
(Notes 7, 8, 11) 


Access time from 'CAS 
leAG 
25 
ns 
(Notes 7, 9,10,11,13) 


Access time from column address 
tAA 
50 
ns 
(Notes 7, 10, 13) 


Access lime from 'CAS precharge 
tAGP 
55 
ns 
(Notes 7, 13) 
(rising edge) 


Output 
buffer turnoff 
delay 
'oFF 
0 
25 
ns 
{Note 17} 


Rise and fall transition 
time 
tT 
3 
50 
ns 
(Note 4) 


RAS precharge time 
tRP 
80 
ns 


RAS pulse width 
!RAS 
100 
10000 
ns 


RAS hold time 
tRSH 
25 
ns 


'CAS pulse width 
teAS 
25 
1סס oo 
ns 


'CAS hold time 
teSH 
100 
ns 


RAS to 'CAS delay time 
tRCD 
25 
75 
ns 
(Note 11) 


RAS to column address read time 
tRAD 
17 
50 
ns 
(Note 10) 


'CAS to RAS precharge time 
leRP 
10 
ns 
(Note 12) 


'CAS precharge time (non-page cycle) 
lePN 
10 
ns 


'CAS precharge time (fast-page cycle) 
lep 
10 
25 
ns 
(Note 13) 


RAS precharge 'CAS hold time 
tRPC 
0 
ns 


Row address setup time 
tASR 
0 
ns 


Row address hold time 
!RAH 
12 
ns 


Column address setup time 
tASC 
0 
20 
ns 


Column address hold time 
teAH 
20 
ns 


Column address hold time referenced to RAS 
tAR 
70 
ns 


Column address lead time referenced to R7iS' 
!RAL 
50 
ns 


(rising edge) 


Read command 
setup time referenced to 
tRRH 
10 
ns 
(Note 14) 
RAS 


Read command 
hold time referenced to 'CAS 
!RCH 
0 
ns 
(Note 14) 


Write command 
hold lime 
tWCH 
20 
ns 


Write command 
hold lime 
referenced to RAS 
tWCR 
70 
ns 


Write command 
pulse width 
twP 
20 
ns 


Write command 
to RAS lead time 
!RWL 
30 
ns 


NEe 


AC Characteristics 
(cont) 


Parameter 
Symbol 
Mln 
Max 
Unit 


Read command 
setup time referenced 
tRCS 
0 
ns 


to~ 


Write command 
to ~ 
lead time 
teWL 
20 
ns 


Data-in setup time 
tDS 
0 
ns 


Data-in hold time 
tDH 
20 
ns 


Data-in hold time referenced to RAS 
tDHR 
70 
ns 


Write comma~d 
setup time 
twcs 
0 
ns 


~ 
setup time for ~ 
before RAS 
teSR 
10 
ns 


refreshing 


~ 
hold time for ~ 
before RAS 
teHR 
20 
ns 


refreshing 


(Note 16) 


(Note 16) 


Notes: 


( 1) All voltages are referenced to GND. 


( 2) An initial ~e 
of 100 /-,S is required after power-up, followed 
by 


any eight RAS cycles before proper device operation is achieved. 


( 3) Ac measurements 
assume tT = 5 ns. 


( 4) V1H(min) and V1L(max) are reference levels for measuring timing 


of input signals. Transition 
times are measured between V1Hand 


V1L• 


( 5) ICC1' Icca, ICC4' and Iccs 
depend on output 
loading and cycle 


rates. Specified values are obtained 
with the output open. Icca 


is measured assuming that all column address inputs are held at 
either a high level or a low level during 
RAS-only refresh cycles. 


ICC4 is measured assuming 
that all column address inputs are 


switched 
only once each fast-page cycle. 


( 6) The minimum 
specifications 
are used only to indicate the cycle 


time at which 
proper operation 
over the full temperature 
range 


(TA = 0 to + 70 'C) is assured. 


( 7) Load = 2 TTL (-1 mA, +4 mAl loads and 100 pF (VOH = 2.0 V, 


VOL = 0.8 V), 


( 8) Assumes 
that tRCD S !RCD (max) and tRAD S tRAD (max). If 


!RCD or tRAD is greater than the maximum 
recommended 
value 


in this table, tRAC increases 
by the amount 
thattRCD 
or tRAD 


exceeds the value shown. 


( 9) Assumes that tRCD « tRCD (max) and tRAD S tRAD (max). 


(10) If tRAD « tRAD (max), then the access time is defined 
by tM' 


(11) Operation 
within 
the tRCD (max) limit assures that tRAG (max) 


can be met. tRCD (max) is specified 
as a reference point only; if 


tRCD is greater than 
tRCD (max) , access time 
is controlled 


exclusively 
by tCAC. 


(12) The tCRP requirement 
should be applicable 
for RAS/CAS cycles 


preceded by any cycle. 


(13) For fast-page 
read operation, 
access time is as follows. 


~ 
and Column Address 
Input Conditions 


tep s tep (max), tASC « tep 


tep s tep (max), tASC s tep 


tep « tep (max) , tASC s tASC (max) 


tep « tep (max), tASC « tASC (max) 


Access Time 
Definition 


tAGP 


tAA 


tAA 


teAG 


(14) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(15) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. 
For 
early 
write 
operation, 


both twcs 
and tWCH must be met. 


(16) These parameters 
are referenced to the fal!i!!g 
edge of CAS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(17) tOFF (max) defines 
the time at which 
the output 
achieves the 


open-circuit 
condition 
and is not referenced to VOH and VOL. 


II 


NEe 


Timing 
Waveforms 


ReBdCycle 


NEe 


Timing Waveforms (cont) 


Write Cycle (&rty 
Write) 
"'I 


1-- 
~: 
-1'RSH 


lCSH 
I 


I 
II 


ftIEC 


Timing Waveforms (cant) 


FBst-Page Relld Cycle 


NEe 


Timing Waveforms (cant) 


Fast-Psge Write Cycle (Early Write) 


r--tRSH 


lRAL 


NEe 


Timing Waveforms (cont) 


Hidden Refrellh Cycle 


NEe 


Timing Waveforms (cant) 


HAS-Only Refresh Cycle 
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MC-41256A8 


262,144 x 8-Bit 


Dynamic NMOS RAM Module 


Description 


The MC-41256A8 is a 262,144-word by 8-bit NMOS RAM 
module designed to operate from a single + 5-volt 
power supply. Advanced dynamic circuitry, including a 
single-transistor storage cell, 1024sense amplifiers per 
data output, 
multiplexed address buffers and flexible 


refresh controls, provides good system operating mar- 
gins. 


The MC-41256A8 is functionally 
equivalent to eight 


J.lPD41256standard 256K DRAMs.Refreshing is accom- 
plished by means of RAS-only refresh cycles, hidden 
refresh cycles, CAS before RAS refresh cycles, or by 
normal read or write cycles on the 256 address combi- 
nations of Ao through A7 during a 4-ms period. 


Single Inline Memory Module (SIMM'") packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. The MC-41256A8 includes eight J.lPD41256s 
in PLCC packages and eight power supply decoupling 
capacitors. 


o 262,144-word by 8-bit organization 
o Single + 5-volt power supply 
o Standard 3D-pin SIMM packaging 
o Eight 256K DRAMs in high-density PLCC packaging 
o Eight power supply decoupling capacitors 
o Low power dissipation of 220 mW max (standby) 
o TTL-compatible inputs and outputs 
o 256 refresh cycles every 4 ms 
o Page mode 


Pin Configuration 


30-PinSIMM 


30 
2. 


28 


27 
§ 


26 
r--l 
L __ 
J 
25 


E 


23 


~ ~ ~~ 
22 
21 
~~: 


~18 
17 


I ~==~J ::,. 
§ 


'3 
~~ =~ 
12 
11 


~'0~: 
~: 
L=J 
5 
D 
o 


Symbol 


Ao-As 


1/0,-1/0S 


CAS 


RAS 


WE 


GND 


Vcc 


NC 


Address inputs 


Com mon data inputs and outputs 


Column address strobe 


Write enable 


Ground 


+5-volt power supply 


No connection 


II 


NEe 


- 


>--- 
Address 
>--- 
Address 


RAS 
RAS 


- 
CAS 
CAS 
- 
WE 
WE 


DIN 
DOur - 
VOS 
DIN 
Dour - 


Vcc 
GND 
Vcc 
GND 


I 
I 
I 
I 


>--- 
Address 
>--- 
Address 


RAS 
RAS 


CAS 
- 
CAS 


WE 
WE 


DIN 
DOur - 
VOS 
DIN 
DOur - 


Vcc 
GND 
Vcc 
GND 


I 
I 
I 
I 


>--- 
Address 
>--- 
Address 


RAS 
RAS 


CAS 
-CAS 


WE 
WE 


DIN 
Dour - 
1/°7 
DIN 
Dour - 


Vcc 
GND 
Vcc 
GND 


I 
I 


I 
I 


- 
Address 
- 
Address 


RAS 
RAS 


CAS 
- 
CAS 
- 
WE 
WE 


DIN 
Dour 
I-- 
VOS 
DIN 
Dour 
I-- 


Vcc 
GND 
Vcc 
GND 


I 
I 
1 
I 


:fCj 
• • 
• 
• 
Cs:f 


t'tlEC 


Absolute Maximum Ratings 


Voltage on any pin relative to GND, VT 


Operating 
temperature, 
TOPA, ambient 


Storage temperature, 
TSTG 


Short-circuit 
output 
current, los 


Power dissipation, 
Po 


-1.0to 
+7.0V 


o to +70'C 


-55 to +125'C 


50mA 


8.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding 
the ratings 
could cause 
perma- 


nent 
damage. 
The 
device 
should 
be operated 
within 
the 
limits 


specified 
under DC and AC Characteristics. 


Access 
Time (max) 


80 ns 


100 ns 


Read/Write 
Cycle Time (min) 


160 ns 


200 ns 


Package 


30-pin 
socket- 


mountable 
SIMM 
MC-41256A8B-80 


B-l0 


MC·41256A8 


Capacitance 
TA = 25'C; f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


Input 
CIA 
55 
pF 
Ao -Aa 


capaci tance 
CIA 
70 
pF 
RAS, WE 


CIC 
70 
pF 
CAS 


Input/output 
COO 
17 
pF 
For 1/01, I/Oa: CAS = 


capacitance 
V1Hto disable DOUT 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Input voltage, 
high 
VIH 
2.4 
VCC + 
1.0 
V 


Input voltage, 
low 
VIL 
-1.0 
0.8 
V 


Supply voltage 
VCC 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
0 
70 
'C 


Notes: 


(1) VCC = +5.0 V ±5% for the -80 version. 
II 
Page Cycle Time (mln) 


70 ns 


100 ns 


DC Characteristics 
TA = 0 to +70'C; 
VCC = +5.0 V ±10%; GND = 0 V 


Parameter 
Symbol 
Mln 


Standby 
current 
ICC2 


Input leakage current 
IlL 
-80 


Output 
leakage current 
10L 
-10 


Output voltage, 
low 
VOL 
0 


Output voltage, 
high 
VOH 
2.4 


Typ 
Max 
Unit 
Test Conditions 


40.0 
mA 
RAS = VIH; DOUT = high·Z 


80 
pA 
VIN = 0 V to VCC; other pins = 0 V 


10 
pA 
DOUT disabled; 
VOUT = 0 V to VCC 


0.4 
V 
lOUT = 4.2mA 


- VCC 
V 
lOUT = -5 mA 


Notes: 


(1) VCC = +5.0 V ±5% for the -80 version. 


MC-41256A8-80 
MC-41256A8-10 


Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


VCC 
4.75 
5.25 
4.5 
5.5 
V 


ICCl 
720 
640 
mA 
RAS, CAS cycling; tAC = 
tAC (min); 10 = 0 mA 
(Note 5) 


ICC3 
640 
520 
mA 
RAS cycling; CAS", 
V1H; 


tAC = tAC (min); 10 = 0 mA 
(Note 5) 


AC Characteristics 
TA = 0 to + 70'C; VCC = +5.0 V ±10% 


Supply voltage 


Operating 
supply current, average 


Operating 
supply 
current, 
RAS-only refresh cycle, average 


MC-41256A8 
NEe 


AC Characteristics 
(cont) 


MC-41256A8-80 
MC-41256A8-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Operating 
supply 
current, 
ICC4 
560 
480 
mA 
RAS :s V1L;CAS cycling; 
page cycle, average 
tpc = tpc (min); 10 = 0 mA 
(Note 5) 


Operating 
current, CAS before RAS 
Iccs 
640 
520 
mA 
CAS :5 VIL; RAS cycling; 
refresh cycle, average 
tRC = tRC (min); VO = 0 mA 
(Note 5) 


Random read or write cycle time 
tRC 
180 
200 
ns 
(Note 6) 


Page cycle time 
tpc 
70 
100 
ns 
(Note 6) 


Access time from RAS 
tRAC 
80 
100 
ns 
(Notes 7,8) 


Access time from CAS 
teAC 
40 
50 
ns 
(Notes 7,9) 


Output 
buffer turnoff 
delay 
tOFF 
0 
20 
0 
25 
ns 
(Note 10) 


Rise and fall transition 
time 
tr 
3 
50 
3 
50 
ns 
(Note 4) 


RAS precharge time 
tRP 
70 
90 
ns 


RAS pulse width 
tRAS 
80 
16,000 
100 
10,000 
ns 


RAS hold time 
tRSH 
40 
50 
ns 


CAS pulse width 
teAS 
40 
10,000 
50 
10,000 
ns 


CAS hold time 
!eSH 
80 
100 
ns 


RAS to CAS delay time 
tRCO 
20 
40 
20 
50 
ns 
(Note 11) 


CAS to RAS precharge time 
!eRP 
10 
10 
ns 
(Note 12) 


CAS precharge time, nonpage cycle 
tCPN 
25 
25 
ns 


CAS precharge time, page cycle 
tcp 
20 
40 
ns 


RAS pre charge CAS hold time 
tRPC 
0 
0 
ns 


Row address setup time 
tASR 
0 
0 
ns 


Row address hold time 
tRAH 
10 
10 
ns 


Column address setup time 
tASC 
0 
0 
ns 


Column address hold time 
teAH 
15 
15 
ns 


Column address hold time referenced 
tAR 
55 
65 
ns 
to RAS 


Read command 
setup time 
tRCS 
0 
0 
ns 


Read command 
hold time referenced 
tRRH 
10 
10 
ns 
(Note 13) 
to RAS 


Read command 
hold time referenced 
tRCH 
0 
0 
ns 
(Note 13) 
to CAS 


Write command 
hold time 
twCH 
20 
25 
ns 


Write command 
hold time referenced 
twCR 
60 
75 
ns 
to RAS 


Write command 
pulse width 
twp 
20 
15 
ns 


Write command 
to RAS lead time 
tRWL 
20 
35 
ns 


Write command 
to CAS lead time 
tCWL 
20 
35 
ns 


Data-in setup time 
tos 
0 
0 
ns 
(Note 14) 


Data-in hold time 
tOH 
20 
25 
ns 
(Note 14) 


Data-in hold time referenced to RAS 
tOHR 
60 
75 
ns 


5-16 


NEe 


AC Characterrstics 
(cent) 


MC-41256A8-80 
MC-41256A8-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Refresh period 
tAEF 
4 
4 
ms 
Addresses Ao - A7 


WE command 
setup time 
twcs 
0 
a 
ns 


CAS setup time for CAS before RAS 
teSA 
10 
10 
ns 


refresh cycle 


CAS hold time for CAS before RAS 
teHA 
20 
20 
ns 


refresh cycle 


Notes: 


(1) All voltages 
are referenced to GND. 


(2) An initial pause of 100 Jis is required after power-up, followed 
by 
any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 


achieved. 


(3) AC measurements 
assume tT = 5 ns. 


(4) VIH (min) and Vll 
(max) are reference levels for measuring 
the 
timing 
of input signals. Transition 
times are measured between 
V1Hand Vll' 


(5) 
'CCt, ICC3' ICC4, and ICC5 depend on output loading and cycle 
rates. Specified 
values are obtained 
with the output 
open. 


(6) The minimum 
specifications 
are used only to indicate the cycle 
time at which 
proper operation 
over the full temperature 
range 


(TA= a to + 70"C) is assured. 


(7) 
Output 
load = 2 Tn. 
loads and 100 pF. 


(8) Assumes that tACO s 
tACO (max). ij tACO is greater 
than the 


maximum 
recommended 
value 
shown 
in this table, tAAC will 


increase by the amount that tACO exceeds the value shown. 


(9) Assumes that tACO'" 
tACO (max). 


(10) tOFF (max) defines the time at which 
the output 
achieves 
the 


open-circuit 
condition 
and is not referenced to VOH or VOL' 


(11) Operation 
within 
the tACO (max) limit assures that tAAC (max) 


can be met. tACO (max) is specified 
as a reference point only. If 


tACO is greater than the specified 
tACO (max) limit, then access 


time is controlled 
exclusively 
by tCAC' 


(12) The tCAP requirement 
should be applicable 
for RAS/CAS cycles 


preceded 
by any cycle. 


(13) Either tAAH or tACH must be satisfied 
for a read cycle. 


(14) These parameters 
are referenced 
to the leading 
edge of CAS. 


NEe 


Timing Waveforms 


Read Cycle 


I 
I 
tCSH 
I 


Address 


I 
I 


WE 
.l-'~'=l lL 


DOur 
High Impedance 
Read j'~ 


831H-67978 


NEe 


Timing Waveforms 
(cant) 


Early Write Cycle 


RAS 
'''I 


I- 


I 
IRSH 
IRP 
I 
ICSH 


IRCD 
I 
ICAS 


I 
CAS 
II 
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Timing Waveforms (cont) 


Page Read Cycle 
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Timing Waveforms (cont) 


Page Early Write Cycle 


II 


Timing Waveforms (cont) 


Hidden Refresh Cycle 


MamOlY Cycle 


IRC 


CAS Before RAS Cyde 


IRe 


~JI//IIJl/JlJ(//////2 


L'''":L 
I 
--- 
Vlm!1I /III 7////1/11/llJl///J1/i! 


,~,J~ 


ValidData: 
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Timing Waveforms (cont) 


RA5-0nly Refresh Cycle 


tAC 


tRAS 
_tAP 


\ 


tCAP_ 
...-tAPC 


Note: 


[1) WE and Address 
_ don't care. 
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MC-421000A8 


1,048,576 x 8-Bit 


CMOS Dynamic RAM Module 


Description 


The 
MC-421000A8 
is a fast-page 
1,048,576-word 
by 


8-bit CMOS dynamic 
RAM module designed to operate 


from a single 
+5-volt 
power supply. Advanced 
CMOS 


circuitry, 
including 
a single-transistor 
storage 
cell, 
2048 sense 
amplifiers 
per data 
output, 
multiplexed 


address 
buffers and flexible 
refresh controls, 
provides 


good system operating 
margins. 


The MC-421000A8 
is functionally 
equivalent 
to eight 


JlPD421000 
standard 
1M 
DRAMs. 
Refreshing 
is 


accomplished 
by means of RAS-only 
refresh 
cycles, 


hidden refresh cycles, CAS before RAS refresh cycles, 
or normal 
read or write 
cycles 
on the 512 address 


combinations 
of Ao-As during 
an 8-ms period. 


Packaged 
in a Single 
Inline Memory 
Module 
(SIMM'") 


to enhance 
reliability 
and reduce the size, weight 
and 


cost 
of a system, 
the 
MC-421000A8 
includes 
eight 


JlPD421000s in SOJ packages 
and eight power supply 


decoupling 
capacitors. 


Features 


D 1,048,576-word 
by 8-bit organization 


D Single +5-volt ± 10% power supply 
D Standard 
30-pin Single 
Inline Memory 
Module 


(SIMM) packaging 


D Eight 1M dynamic 
RAMs incorporated 
in high- 


density 
SOJ packaging 
(pPD421000LA) 


D Eight power supply 
decoupling 
capacitors 


D Low power dissipation: 
44 mW standby 
(max) 


D TTL-compatible 
inputs and outputs 


D 512 refresh cycles 
(Ao-As are refresh address pins) 


D Fast-page capability 


30 VCC 
29 NC 


28 NC 


27 RAS 


26 NC 


251/08 


24 NC 


231/07 
22 GND 
21 WE 


201/06 


19 NC 


18 A9 


17 As 
161/05 
15 A7 


14 A6 
131/04 


12A5 


11 A4 
101/03 
9GND 
8A3 


7 A2 
61/02 


5 A1 


4Ao 
31/01 


2 CAS 


1 VCC 


Package 


30-pin leaded SIMM 


Part Number 
Column Access Time (maxI 
Row Access Time (maxI 
Fast·Page Cycle Time (minI 


MC-421000A8A-70 
70 ns 
20 ns 
45 ns 


A-80 
80 ns 
20 ns 
50 ns 


A-10 
100 ns 
25 ns 
60 ns 


A-12 
120 ns 
30 ns 
70 ns 


MC-421000A86-70 
70 ns 
20 ns 
45 ns 


6-80 
80 ns 
20 ns 
50 ns 


6-10 
100 ns 
25 ns 
60 ns 


6-12 
120 ns 
30 ns 
70 ns 


Noles: 


30 VCC 
29 NC 


28 NC 


27 RAS 
,..-..., 
26 NC 
•... _~ 
2sI/Oa 


24 NC 


231/07 
,..--, 
22 GND 
•... _~ 
21 WE 


201/06 
,..-..., 
19NC 
•... -~ 
18A9 


17 Aa 
,..-..., 
161/05 
•... _~ 
15 AT 


14A6 


131/04 
,..-..., 
12As 
•... _-' 
11 A4 


101/03 
,..-..., 
9GND 
•... _-' 
8A3 
7 A2 


61/02 
,..-..., 
sA1 
•... _-' 
4AO 


31/01 
,..-..., 
2CAS 
•... _~ 
1 VCC 


Symbol 


AO-Ag 


1/01-1/08 


RAS 


CAS 


WE 


GND 


Vcc 


NC 


Function 


Address inputs 


Common data inputs/outputs 


Row address strobe 


Column address strobe 


Write enable 


Ground 


+S-volt power supply 


No connection 


tttfEC 


AO-Ag 


RAS 


CAS 


WE 


- 
AO-Ag 
~ 
AO-Ag 


RAS 
RAS 


CAS 
CAS 


WE 
WE 


I 


DIN 
DOUll 
1/05 
I 


DIN 
DOUl ~ 
VCC 
GND 
VCC 
GND 


I 
I 
I 
I 
I 
I 


~ 
AO-Ag 
~ 
AO-Ag 


RAS 
RAS 


CAS 
CAS 


WE 
WE 


I 


DIN 
DOUll 
1/06 
I 


DIN 
DOUl~ 
VCC 
GND 
VCC 
GND 
I 
I 
I 
I 
I 


f--- 
AO-Ag 
~ 
AO-Ag 


RAS 
RAS 


CAS 
CAS 


WE 
WE 


I 


DIN 
DOUll 


1/07 


I 


DIN 
DOUl~ 
VCC 
GND 
VCC 
GND 
I 
I 


I 
I 
I 


~ 
AO-Ag 
- 
AO-Ag 


RAS 
RAS 


CAS 
CAS 


WE 
WE 


I 


DIN 
DOUll 


II0s 


I 


DIN 
DOUll 
VCC 
GND 
VCC 
GND 


I 
I 
I 
I 


lC1 
thru C8 
T 
I 


II 
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Absolute Maximum Ratings 


Voltage on any pin relative to GNO 


Operating temperature, TOPR 


Storage temperature, TSTG 


Short-circuit 
output current, 105 


Power dissipation, Po 


-1.0 to +7.0 V 


o to +70·C 


-55 to +125·C 


50 mA 


8.0W 


Capacitance 
TA = 25·C; f = 1 MHz 


Parameter 
Symbol 
Max 


Input capacitance 
CI1 
60 


Input/output 
Co 
15 
capacitance 


Unit 
Pins UnderTest 


pF 
AO-Ag.RAS. CAS. WE 


pF 
1/01-1/08 


Comment: 
Exposure to Absolute 
Maximum Ratings for extended 


periods may affect device reliability; 
exceeding the ratings could 
cause permanent damage. The device should be operated within the 
limits specified under DC and AC Characteristics. 


DC Characteristics 
TA = 0 to +70·C; 
Vcc = 5.0 V ±10%; GND = 0 v 


limits 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vee 
4.5 
5.0 
55 
V 


Input voltage. high 
VIH 
2.4 
Vee + 1.0 
V 


Input voltage. low 
VIL 
-1.0 
0.8 
V 


Standby current 
lee2 
24 
mA 


8 
mA 


Input leakage current 
IlL 
-80 
80 
I'A 


Output leakage current 
10L 
-10 
10 
I'A 


Output voltage, low 
VOL 
° 
0.4 
V 


Output voltage, high 
VOH 
2.4 
Vee 
V 


RAS = CAS ~ VIH (min) 


RAS = CAS ~ Vee -0.2 V 


For AO-Ag,RAS, CAS, WE: VIN = 0 to 5.5 V; other pins = 0 V 


For 1/°1-1/°8: 00UT disabled; VOUT= 0 to 5.5 V 


lOUT= 4.2 mA 


IOUT=-5 
mA 
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AC Characteristics 
TA = 0 to +70·C; 
Vcc = 5.0 V ±10% 


Limits 


MC-421OOOA8-80 MC-421000A8-10 MC-421OOOA8-12 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
TestConditions 


Operating current, average 
ICCl 
560 
480 
400 
mA 
RAS, CAS cycling; tRC= tRCmin (Note 5) 


Refresh operating 
current, 
ICC3 
560 
480 
400 
mA 
RAS cycling; CAS ~ VIH; tRC= tRCmin; 
average 
10= a mA (Note 5) 


Fast-page operating 
ICC4 
480 
400 
320 
mA 
RAS :S VIL; CAS cycling; tpc = tpc min; 
current, average 
10= a mA (Note 5) 


~ating 
current, CAS before 
ICC5 
560 
480 
400 
mA 
tRC= tRCmin; 10= 0 mA 


RAS refreshing, 
average 
(Note 5) 


Random read or write 
tRC 
160 
190 
220 
ns 
(Note 6) 


cycle time 


Fast-page cycle time 
tpc 
50 
60 
70 
ns 
(Note 6) 


Refresh period 
tREF 
8 
8 
8 
ms 


Access time from RAS 
tRAC 
80 
100 
120 
ns 
(Notes 7, 8) 


Access time from CAS 
tCAC 
20 
25 
30 
ns 
(Notes 7, 9, 10, 11) 
II 


(falling edge) 


Access time from 
tAA 
45 
50 
60 
ns 
(Notes 7, 10, 11) 


column address 


Access time from CAS 
tACP 
45 
55 
65 
ns 
(Notes 7, 11) 
precharge (rising edge) 


Output buffer turnoff 
delay 
tOFF 
a 
20 
0 
25 
0 
30 
ns 
(Note 12) 


Transition time (rise and fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
(Note 4) 


RAS precharge time 
tRP 
70 
80 
90 
ns 


RAS pulse width 
tRAS 
80 
10000 
100 
10000 
120 
10000 
ns 


Fast-page RAS pulse width 
tRASP 
80 
100000 
100 
100000 
120 
100000 
ns 


RAS hold time 
tRSH 
20 
25 
30 
ns 


CAS pulse width 
tCAS 
20 
10000 
25 
10000 
30 
10000 
ns 


CAS hold time 
tCSH 
80 
100 
120 
ns 


RAS to CAS delay time 
tRCD 
25 
60 
25 
75 
25 
90 
ns 
(Note 13) 


CAS to RAS precharge time 
tCRP 
10 
10 
10 
ns 
(Note 14) 


CAS precharge time 
tCPN 
10 
10 
15 
ns 


(non-page cycle) 


Fast-page CAS 
tcp 
10 
20 
10 
25 
15 
30 
ns 
(Note 11) 


precharge time 


RAS precharge CAS hold time 
IRPC 
0 
a 
a 
ns 


Row address setup time 
IASR 
0 
a 
a 
ns 


Row address hold time 
tRAH 
12 
12 
15 
ns 


RAS to column address 
tRAD 
17 
35 
17 
50 
20 
60 
ns 
(Note 10) 
delay time 


Column address setup time 
tASC 
0 
20 
a 
20 
a 
25 
ns 
(Note 11) 


Column address hold time 
tCAH 
20 
20 
25 
ns 


Column address hold time 
tAR 
60 
70 
85 
ns 


referenced to RAS 


AC Characteristics 
(cont) 
TA = 0 to +70°C; 
VCC = 5.0 V ±10% 


Limits 


MC-421OOOA8-80MC-421000A8-10MC-421000A8-12 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 


Column address lead time 
tRAL 
45 
55 
65 
referenced to RAS (rising edge) 


Read command setup time 
tRCS 
0 
0 
0 


Read command hold time 
tRRH 
10 
10 
10 
referenced to RAS 


Read command hold time 
tRCH 
0 
0 
referenced to CAS 


Write command hoid time 
tWCH 
15 
20 
25 


Write command hold 
tWCR 
55 
70 
85 
time referenced to RAS 


Write command pulse width 
twP 
15 
20 
25 


Write command to 
tRWL 
25 
30 
35 
RAS lead time 


Write command to CAS lead 
tCWL 
15 
20 
25 
time 


Data-in setup time 
tos 
0 
0 
0 


Data-in hold time 
tOH 
20 
20 
25 


Data-in hold time referenced 
tOHR 
60 
70 
85 
to RAS 


Write command setup time 
twcs 
0 
0 


CAS se~time 
for CAS 
tCSR 
10 
10 
10 
before RAS refreshing 


CAS hold time for CAS 
tCHR 
15 
20 
25 
before RAS refreshing 


Notes: 


ns 
(Note 17) 


ns 
(Note 17) 


ns 


(1) 
All voltages are referenced 
to GND. 


(2) 
An initial 
pause of 100 Jls is required 
after power-up, 
followed 
by any eight 
RAS cycles 
before 
proper 
device 
operation 
is 
achieved. 


(3) 
Ac measurements 
assume tT = 5 ns. 


(4) 
VIH (min) 
and VIL (max) 
are reference 
levels for measuring 
timing 
of input signals. Transition 
times are measured between 
VIH and VIL. 


(5) 
ICC1, ICC3, ICC4, and Iccs depend on output loading and cycle 
rates. Specified 
values are obtained 
with the output open. iCC3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only 
refresh cycles. 
ICC4 is measured assuming 
that all column 
address inputs are 
switched 
only once each fast-page 
cycle. 


(6) 
The minimum 
specifications 
are used only to indicate the cycle 


lime at which proper operation 
over the full temperature 
range 


(TA = 0 to +70°C) 
is assured. 


(7) 
Load = 2 TTL (-1 
mA, +4 mAl loads and 100 pF (VOH = 2.0 V, 


VOL = 0.8 V). 


(8) 
Assumes that tRCD,stRCD (max) and tRAD,stRAD (max). IftRCD 
ortRAD is greater than the maximum 
recommended 
value in this 


table, tRAC increases by the amount that tRCD or tRAD exceeds 
the value shown. 


(9) 
Assumes that tRCD 2 tRCD (max) and tRAD,s tRAD (max). 
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Notes [contI: 


(10) 
If tRAD ;:: tRAD (max), then the access time is defined 
by tAA' 


(11) For fast-page 
read operation, 
the definition 
of access time is as 


follows. 


CAS 
and 
Column 
Address 


Input 
Conditions 


tcp ~ tcp (max), tASC;:: tcp 


lCp ~ tcp (max), tASC ~ tcp 


tcP;:: 
tcp (max), tASC ~ tASC (max) 


tcP;:: 
tcp (max), tASC;:: tASC (max) 


(12) tOFF (max) defines 
the time at which 
the output 
achieves the 


open-circuit 
condition 
and is not referenced 
to VOH or VOL' 


(13) Operation 
within 
the tRCD (max) limit assures that tRAC (max) 


can be met. tRCD (max) is specified 
as a reference 
point only; 


if tRCD is greater 
than tRCD (max), access time is controlled 


exciusively 
by tCAC' 


(14) ThetCRP requirement 
should be applicable 
for RAS/CAScycles 


preceded 
by any cycle. 


(15) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(16) For early write operation, 
both twcs 
and tWCH must be met. 


(17) These parameters 
are referenced 
to the falling edge of CAS for 


eariy write cycles. 


(18) CAS before RAS operation 
is specified. 
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MC-424100A8 


4,194,304 x 8-Bit 


Dynamic CMOS RAM Module 


Description 


The MC-424100A8is a fast-page 4,194,304-wordby 8-bit 
dynamic 
RAM module designed to operate from a 


single + 5-volt 
power supply. Advanced 
CMOS cir- 


cuitry, including a single-transistor 
storage cell, multi- 


plexed address buffers and flexible refresh controls, 
provides good system operating margins. 


The MC-424100A8 is functionally 
equivalent to eight 


pPD424100 standard 4M DRAMs.Refreshing is accom- 
plished by means of RAS-only refresh cycles, hidden 
refresh cycles, CAS before RAS refresh cycles, or by 
normal read or write cycles on the 1024address com- 
binations of Ao through Ag during a 16-ms period. 


Single Inline Memory Module (SIMM"') packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. The SIMM includes eight pPD424100s in 
SOJ packages 
and eight power supply 
decoupling 


capacitors. 


Features 


o 4,194,304-word by 8-bit organization 
o Single + 5-volt ±10%power supply 
o Standard 3D-pin Single Inline Memory Module 


(SIMM) packaging 


o Eight 4M dynamic RAMs incorporated 
in high- 


density SOJ packaging (.uPD424100LA) 


o Eight power supply decoupling capacitors 
o Low power dissipation: 44 mW standby (max) 
o TTL-compatible 
inputs and outputs 


o 1024 refresh cycles every 16 ms 
o Fast-page capability 


Ordering Information 


Part Number 
Column 
Access 
Time (max) 


30 Vcc 


29 NC 


26 NC 


27 
RAS 


26 NC 


25 
1/06 


24 NC 


23 
V07 


22 GND 


21 
WE 


20 
V06 


19 
AlO 


16 A9 


17 A6 


16 VOs 


15 
A7 


14 A6 


13 V04 


12 
AS 


11 A4 


10 
V03 


9 GND 


6 A3 


7 A2 


6 V02 


5 A1 


4 
Ao 


3 V01 


2 CAS 


1 VCC 


II 


MC-424100ABA-BD 


A-10 


MC-424100AB6-BO 


6-10 


Row Access 
Time (max) 
Fast-Page 
Cycle Time (mln) 
Package 


20 ns 
50 ns 
3D-pin leaded SIMM 


25 ns 
60 ns 


20 ns 
50 ns 
3D-pin socket-mountable 


25 ns 
60 ns 
SIMM 
80 ns 


100 ns 
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Pin Configurations (cont) 


3D-Pin Socket-Mountable 
SIMM 


30 Vcc 


29 NC 


2a 
NC 
27 AAS 
26 NC 


25 
VOa 


24 NC 


23 V07 


22 GNO 


21 
WE 


20 
V06 


19 A10 


1a A9 


17 
Aa 


16 
VOs 


15 A7 


14 A6 


13 V04 


12 
AS 


11 A4 


10 
V03 
9 GNO 
a 
A3 


7 A2 
6 V02 


5 A1 


4 Ao 


3 V01 
2 CAS 


1VCC 


Ao-A10 


CAS 


V01 -I/Oa 


RAS 


WE 


GND 


VCC 


NC 


Address Inputs 


Column address strobe 


Common 
data inputs and outputs 


Row address strobe 


Write enable 


Ground 


+ 5-vo~ power supply 


No connection 


Absolute Maximum Ratings 


Vo~age on any pin relative to GND 


Operating 
temperature, 
TOPA 


Storage temperature, 
TSTG 


Short·circu~ 
output 
current, los 


Power dissipation, 
Po 


-1.0 to +7.0 V 
o to +70·C 


-55 to + 125·C 


50 mA 


8.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliabi lity; exceeding the.ratings 
could caus!! permanent 


dam age. The device should 
be operated 
wnh in the 11mits specified 


under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input vo~age, high 
VIH 
2.4 
VCC + 
1.0 
V 


Input vo~age, low 
VIL 
-1.0 
0.8 
V 


Supply voltage 
VCC 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
0 
70 
·C 


Capacitance 
TA = 25·C; f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


Input capac~ance 
CI1 


Input/output 
CIO 
capac~ance 


pF 
Address, RAS, CAS, WE 


pF 
VOt through VOa 


NEe 


Address 


RAS 


CAS 


WE 
- 
Address 
- 
Address 
~ - 
RAS 
>- - 
RAS 


CAS 
CAS 


WE 
WE 


1 


DIN 
DOUTl 
vOs 


1 


DIN 
DOUTl 
VCC 
G~D 
VCC 
GND 
I 
I 
I 
I 
I 
I 
I 
- 
Address 
- 
Address 
~ - 
RAS 
>- - 
RAS 


CAS 
CAS 


WE 
WE 


I 


DIN 
DOUTl 
VOa 


I 


DIN 
DOUT 
~ 
VCC 
GND 
VCC 
GND 


I 
I 
I 
I 
I 
I 
I 
I 
- 
Address 
- 
Address 
~ - 
RAS 
>- - 
RAS 


CAS 
CAS 


WE 
WE 
I 


DIN 
DOUTl 
VO] 
I 


DIN 
DOUTl 
VCC 
GND 
VCC 
GND 
I 
I 
I 
I 
I 
I 
I 
I 
- 
Address 
- 
Address 
- 
RAS 
'-- 
RAS 


CAS 
CAS 


WE 
WE 


I 


DIN 
DOUTl 
VOa 


I 


DIN 
DOUT~ 
VCC 
GND 
VCC 
GND 
I 
I 
I 
I 
1C1 tI1rough ca 
f 


DC Characteristics 
TA = 0 to +70°C; vcc 
= +5.0 V ±10% 


Parameter 
Symbol 
Mln 
Max 
Unit 
Test Conditions 


Standby 
current 
ICC2 
16 
mA 
RAS = CAS 2: VIH (min) 


8 
mA 
RAS = CAS 2: Vcc - 0.2 V 


Input leakage current 
II(L) 
-80 
80 
/loA 
For addresses, RAS, CAS and WE: V1N= 0 V to 
Vcc; 
all other pins not under test = 0 V 


Output 
leakage current 
10(L) 
-10 
10 
/loA 
DOUT disabled; 
VOUT = 0 V to Vcc 


Output 
voltage, low 
VOL 
0.4 
V 
10L = 4.2 mA 


Output 
voltage, high 
VOH 
2.4 
V 
10H = -5 mA 


AC Characteristics 
TA = 0 to +70°C; vcc 
= +5.0 V ±10% 


MC-424100A8-80 
MC-424100A8-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Operating 
current, average 
ICC1 
720 
640 
mA 
RAS and CAS cycling; tRC = 
tRC min; 10 = 0 mA (Note 5) 


Operating 
current, RAS-only refresh 
ICC3 
720 
640 
mA 
RAS cycling; CAS 2: VIH; 
cycle, average 
tRC = tRC mln; 10 = 0 mA 
(Note 5) 


Operating 
current, fast-page cycle, 
ICC4 
560 
480 
mA 
RAS s VIL; CAS cycling; 
average 
tpc = tpc min; 10 = 0 mA 
(Note 5) 


Operating 
current, CAS before RAS 
Iccs 
720 
640 
mA 
RAS cycling; CAS before RAS; 
refresh cycle, average 
tRC = tRC min; 10 = 0 mA 
(Note 5) 


Access time from column address 
tAA 
40 
50 
ns 
(Notes 7,9) 


Access time from CAS precharge 
tACP 
45 
55 
ns 
(Notes 7, 9) 
(rising edge) 


Column address setup time 
tASC 
0 
0 
ns 


Row address setup time 
tASR 
0 
0 
ns 


Access time from CAS (falling edge) 
tCAC 
20 
25 
ns 
(Notes 7, 9) 


Column address hold time 
tCAH 
15 
20 
ns 


CAS pulse width 
tCAS 
20 
10,000 
25 
10,000 
ns 


CAS hold time for CAS before RAS 
tCHR 
15 
20 
ns 


refresh cycle 


CAS to output in low impedance 
teLZ 
0 
0 
ns 
(Note 7) 


CAS precharge time, fast-page cycle 
tcp 
10 
10 
ns 


CAS precharge time, nonpage cycle 
tCPN 
10 
10 
ns 


CAS to RAS precharge time 
tCRP 
10 
10 
ns 
(Note 12) 


CAS hold time 
tCSH 
80 
100 
ns 


CAS setup time for CAS before RAS 
tCSR 
10 
10 
ns 


refresh cycle 


Data-in hold time 
10H 
15 
20 
ns 
(Note 15) 


Data-in setup time 
tos 
0 
0 
ns 
(Note 15) 


Output 
buffer turnoff 
delay 
tOFF 
0 
20 
0 
25 
ns 
(Note 10) 


Fast-page cycle time 
tpc 
50 
60 
ns 
(Note 6) 
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AC Characteristics 
(cent) 


MC-424100A8-80 
MC·424100A8-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Access time from RAS 
tRAG 
80 
100 
ns 
(Notes 7,8) 


RAS to column address delay time 
tRAD 
17 
40 
17 
50 
ns 
(Note 9) 


Row address hold time 
tRAH 
12 
12 
ns 


Column address lead time referenced 
tRAL 
40 
50 
ns 


to RAS (rising 
edge) 


RAS pulse width 
tRAS 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, fast-page cycle 
tRASP 
80 
125,000 
100 
125,000 
ns 


Random read or write cycle time 
tRC 
160 
190 
ns 
(Note 6) 


RAS to "CAS delay time 
tRCD 
25 
60 
25 
75 
ns 
(Note 11) 


Read command 
hold time referenced 
tRCH 
0 
0 
ns 
(Note 13) 
to "CAS 


Read command 
setup time 
tRCS 
0 
0 
ns 


Refresh period 
tREF 
16 
16 
ms 
Addresses Ao through Ag 


RAS precharge time 
tRP 
70 
80 
ns 
IJ 


RAS precharge CAS hold time 
tRPC 
10 
10 
ns 


Read command 
hold time referenced 
tRRH 
10 
10 
ns 
(Note 13) 
to RAS 


RAS hold time 
tRSH 
20 
25 
ns 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
ns 
(Note 3) 


Write command 
hold time 
tWCH 
15 
20 
ns 


Write command 
setup time 
twcs 
0 
0 
ns 
(Note 16) 


WE hold time 
tWHR 
15 
20 
ns 


Write command 
puise width 
twP 
15 
20 
ns 
(Note 14) 


WE setup time 
tWSR 
10 
10 
ns 


1ttfEC 


Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 p.S is required after power-up, followed by 
any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 
achieved. 
At the 
end of the initial 
power-up 
sequence, 
it is 
recommended 
that either a RAS-onlz'...!efresh or a CAS before 
RAS refresh cycle be executed while WE ;" VIH to ensure normal 
operation. 


(3) AC measurements 
assume tT = 5 ns. 


(4) 
V1H(min) and V1L(max) are reference levels for measuring 
the 


timing 
of input signals. Transition 
times are measured between 
VIH and V1L. 


(5) 
ICCt, Icca, 
ICC4, and ICC5 depend on output 
loading and cycle 
rates. Specified values are obtained 
with the output open. Icca 


is measured assuming that all column address inputs are held at 
either a high ievel or a low level during 
RAS-only refresh cycles. 
ICC4 is measured 
assuming 
that all column address inputs are 


switched 
only once during 
each fast-page cycie. 


(6) The minimum 
specifications 
are used only to indicate the cycle 


time at which 
proper operation 
over the full temperature 
range 


(TA = 0 to +70°C) is assured. 


(7) 
Load = 2 TTL (-t 
mA, +4 mAl loads and 100 pF (VOH = 2.0 V, 


VOL = 0.8Y). 


(8) Assumes 
that tRCD S tRCD (max) and tRAD s tRAD (max). If 


tRCD or tRAD is greater than the maximum 
recommended 
value 


in this table, tRAC increases 
by the amount that tRCD or tRAD 


exceeds the value shown. 


(9) 
If tRAD ;" tRAD (max), then the access time is defined by tAA. 


(to) 
tOFF (max) defines the time at which 
the output 
achieves the 


open-circuit 
condition 
and is not referenced to VOH or VOL' 


(11) Operation 
within 
the tRCD (max) limit assures that tRAC (max) 


can be met. tRCD (max) is specified 
as a reference point only; if 


tRCD is greater than tRCD (max), then access time is controlled 
exclusively 
by tCAC' 


(12) The tCRP requirement 
should be applicable 
for RAS/CAS cycles 


preceded by any cycle. 


(13) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(14) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. 
For early 
write 
operation, 


both twcs 
and tWCH must be met. 


(15) These parameters 
are referenced to the fal~ 
edge of CAS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(16) twcs, 
tRWD, tCWD, and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-modify-write 
cycles only. If twcs 
;" twcs 


(min), the cycle is an early write cycle and the data output will 
remain open-circuit 
throughout 
the entire cycle. If tCWD ;" tCWD 


(min), tRWD ;" tRWD (min), and tAWD ;" tAWD (min), the cycle is 
a read-write cycle and the data output will contain data read from 
the selected 
cell. If neither of the above conditions 
is met, the 


condition 
of the data output 
pin (at access time and until CAS 


returns to V1H)is indeterminate. 


(17) A test mode may be initiated 
by executing 
a CAS before RAS 


refresh cycle with WE held at V1L.This mode also may inadvert- 
ently 
be initiated 
during 
power-up because external 
control of 


the signal lines is very difficult 
during this period. It is therefore 


recommended 
that while WE is held at V1H,either a RAS-only or 


CAS before RAS refresh cycle should 
be executed 
at any time 


after the end of the initial power-up sequence to ensure normal 
device operation. 
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tM 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cant) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cant) 


RA5-0nly Refresh Cycle 
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II 
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Timing Waveforms (cont) 
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MC-41256A9 


262,144 x 9-Bit 


Dynamic NMOS RAM Module 


Description 


The MC-41256A9 is a 262,144-word by 9-bit DRAMmod- 
ule designed to operate from a single + 5-volt power 
supply. Advanced dynamic NMOS circuitry, including a 
single-transistor storage cell, 1024sense amplifiers per 
data output, multiplexed address buffers and flexible 
refresh controls, provides good system operating mar- 
gins. 


The MC-41256A9 is functionally 
equivalent to eight 


pPD41256 standard 
256K DRAMs with 
a parity 
bit. 


Refreshing is accomplished by means of RAS-only re- 
fresh cycles, hidden refresh cycles, CAS before RAS 
refresh CYCles,or by normal read or write cycles on the 
256 address combinations 
of Ao through A7 during a 


4-ms period. 


Single Inline Memory Module (SIMM~) packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. The MC-41256A9 includes nine pPD41256s 
in PLCC packages and nine power supply decoupling 
capacitors. 


o 262,144-word by 9-bit organization 
o Single + 5-volt power supply 
o Standard 3D-pin SIMM packaging 
o Nine 256K DRAMs in high-density PLCC packaging 
o Nine power supply decoupling capacitors 
o Low power dissipation of 248 mW max (standby) 
o TTL-compatible inputs and outputs 
o 256 refresh cycles every 4 ms 
o Page-mode capability 


Ordering Information 


Part Number 
Access Time (max) 


MC-41256A9B-80 
80 ns 


Pin Configuration 


30-PinSIMM 


~ 
~ o 


ReadlWrite Cycle Time (min) 
Page Cycle Time (mln) 
Package 


160ns 
70 ns 
30-pin socket-mountable SIMM 


II 
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Address 


RAS 


CAS 


WE 


1/°5 
DIN 
DOur ~ 


- 
Address 


RAS 
Vcc 
GND 
I 


CAS 
I 


WE 
f- 
Address 


DIN 
Dour - 


RAS 


Vcc 
GND 
CAS 


I 
WE 


I 
1/°6 
DIN 
DOur f- 


~ 
Address 


RAS 
Vcc 
GND 


- 
I 


CAS 
I 


WE 
f- 
Address 


DIN 
DOur - 
- 
RAS 


Vcc 
GND 
CAS 


I 
-WE 


I 
1/°7 
DIN 
Dour 
f- 


- 
Address 
Vcc 
GND 


RAS 
I 
CAS 
I 


WE 
f- 
Address 


DIN 
DOur - 
RAS 


Vcc 
GND 
- 
CAS 


I 
I 
-WE 


I 
I 
VOS 
Dour 
DIN 
- 


- 
Address 
Vcc 
GND 


RAS 


CAS 


WE 


DIN 
DOur f- 


Vcc 
GND 


Vcc 
GND 
I 
'--- 
Address 


1 


RAS 


CASg 
- 


*c1 
thruCg 


CAS 


WE 


DINg 
DIN 
DOur Il 
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Symbol 


Ao-As 


V01- 
VOs 


DIN9 


DOUT9 


CAS 
CA§g 


RAS 


WE 


GND 


Vcc 


NC 


Function 


Address inputs 


Common 
data inputs/outputs 


Data input 9 


Data output 9 


Column address strobe 


Column address strobe for data output 9 


Row address strobe 


Write enable 


Ground 


+5-volt 
power supply 


No connection 


Voltage on any pin relative to GND, VT 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output current, 
los 


Power dissipation, 
Po 


-1.0to 
+7.0 V 


Oto +70"C 


-55 to +125'C 


SOmA 


9.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding 
the ratings 
could cause perma- 


nent 
damage. 
The device 
should 
be operated 
within 
the 
limits 


specified 
under DC and AC Characteristics. 


Capacitance 
TA = a to +70'C; 
f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


Input 
CIA 
60 
pF 
Ao -As 


capacitance 
CIR 
75 
pF 
RAS, WE 


CIC 
70 
pF 
CAS 


C1C9 
13 
pF 
CAS9 
II 
CIN9 
10 
pF 
DIN9 


Input/output 
Cvo 
17 
pF 
For VOl - VOs: CAS = 


capacitance 
VIH to disable 00UT 


Capacitance 


Output 
COUT9 
12 
pF 
For DoUT9: CASg = 
capacitance 
VIH to disable DOUT9 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input voltage, 
high 
VIH 
2.4 
VCC + 
1.0 
V 


Input voltage, 
low 
VIL 
-1.0 
0.8 
V 


Supply voltage 
VCC 
4.5 
5.0 
5.5 
V 


Ambient 
temperature 
TA 
a 
70 
'C 


DC Characteristics 
TA = Oto +70'C; 
GNO = OV 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


Standby 
current 
ICC2 
45 
mA 
RAS = VIH; DOUT = high-Z 


Input leakage current 
IlL 
-90 
90 
pA 
For Ao - As, RAS, CAS and WE: VIN = a V to VCC; 
all other pins = a V 


IIL9 
-10 
10 
pA 
For CAS9 and DIN9: VIN = a V to VCC; other pins = a V 


Output 
leakage current 
10L 
-10 
10 
pA 
For VOl - I/Oa: DOUT disabled; 
VOUT = a v to Vcc 


IOL9 
-10 
10 
pA 
For DOUT9: DOUT9 disabled; 
VOUT = a v to Vcc 


Output 
voltage, 
low 
VOL 
0.4 
V 
lOUT = 4.2mA 


Output 
voltage, 
high 
VOH 
2.4 
V 
lOUT = -5 mA 


AC Characteristics 
TA = 0 to +70·C 


MC-41256A9-80 
MC-41256A9-10 


Parameter 
Symbol 
Mln 
Max 
Min 
Max 
Unit 
Test Conditions 


Supply voltage 
VCC 
4.75 
5.25 
4.5 
5.5 
V 


Operating 
supply 
current, average 
ICCl 
810 
720 
mA 
RAS, CAS cycling; 
tRC = tRC (min); 10 = 0 mA 
(Note 5) 


Operating 
supply 
current, 
ICC3 
720 
585 
mA 
RAS cycling; 
CAS 2: VIH; 
RAS-only refresh cycle, average 
tRC = tRC (min); 10 = 0 mA 
(Note 5) 


Operating 
supply 
current, 
ICC4 
630 
540 
mA 
RAS s 
VIL; CAS cycling; 


page cycle, average 
tpc = tpc (min); 10 = 0 mA 
(Note 5) 


Operating 
current, 
CAS before RAS 
Iccs 
720 
585 
mA 
CAS s VIL; RAS cycling; 


refresh cycle, average 
tRC = tRC (min); I/O = 0 mA 
(Note 5) 


Random read or write cycle time 
tRC 
180 
200 
ns 
(Note 6) 


Read-write 
cycle time 
tRWC 
185 
240 
ns 
(Notes 6, 16) 


Page cycle time 
tpc 
70 
100 
ns 
(Note 6) 


Access time from RAS 
tRAC 
80 
100 
ns 
(Notes 7, 8) 


Access time from CAS 
tCAC 
40 
50 
ns 
(Notes 7, 9) 


Output 
buffer turnoff 
delay 
tOFF 
0 
20 
0 
25 
ns 
(Note 10) 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
ns 
(N01e4) 


RAS precharge time 
tRP 
70 
90 
ns 


RAS pulse width 
tRAS 
80 
16,000 
100 
10,000 
ns 


RAS hold time 
tRSH 
40 
50 
ns 


CAS pulse width 
1CAS 
40 
10,000 
50 
10,000 
ns 


CAS hold time 
1cSH 
80 
100 
ns 


RAS to CAS delay time 
1RCD 
20 
40 
20 
50 
ns 
(Note 11) 


CAS to RAS precharge time 
tCRP 
10 
10 
ns 
(Note 12) 


CAS precharge time, nonpage cycle 
tCPN 
25 
25 
ns 


CAS precharge 
time, page cycle 
tcp 
20 
40 
ns 


RAS precharge 
CAS hold time 
tRPC 
0 
0 
ns 


Row address setup time 
tASR 
0 
0 
ns 


Row address hold time 
tRAH 
10 
10 
ns 


Column address setup time 
tAsc 
0 
0 
ns 


Column address hold time 
tCAH 
15 
15 
ns 


Column address hold time referenced 
tAR 
55 
65 
ns 
to RAS 


Read command 
setup time 
tRCS 
0 
0 
ns 


Read command 
hold time referenced 
tRRH 
10 
10 
ns 
(Note 13) 
to RAS 


Read command 
hold time referenced 
tRCH 
0 
0 
ns 
(Note 13) 
to CAS 


Write command 
hold time 
tWCH 
20 
25 
ns 


NEe 


Parameter 


Write command 
hold time referenced 


to RAS 


Write command 
pulse width 


Write command to RAS lead time 


Write command to CAS lead time 


Data-in setup time 


Data-in hold time 


Data-in hold time referenced to RAS 


Refresh period 


WE command 
setup time 


CAS to WE delay 


RAS to WE delay 


CAS setup time for CAS before RAS 
refresh cycle 


CAS hold time for CAS before RAS 
refresh cycle 


Notes: 


(t) 
All voltages 
are referenced to GND. 


(2) An Initial pause of tOOJlS is required after power-up, followed by 


any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
Is 


achieved. 


(3) AC measurements 
assume tT = 5 ns. 


(4) VIH (mln) and VIL (max) are reference 
levels for measuring 
the 


timing 
of Input signals. Transition 
times are measured between 


VIH and VIL' 


(5) 
ICCt, ICC3, ICC4' and ICC5 depend on output 
loading and cycle 


rates. Specified 
values are obtained 
with the output 
open. 


(6) The minimum 
specifications 
are used only to Indicate the cycle 


time at which 
proper operation 
over the full temperature 
range 


(TA = 0 to +70'C) 
is assured. 


(7) 
Output 
load = 2 TTL loads and tOOpF 


(8) Assumes that tACO :5 tACO (max). If tACO is greater than the 


maximum 
recommended 
value 
shown 
in this table, tAAc will 


increase by the amount that tACO exceeds the value shown. 


(9) Assumes that tACO'" 
tACO (max) 


(to) tOFF (max) defines the time at which 
the output 
achieves the 


open-circuit 
condition 
and is not referenced to VOH or VOL' 


Operation 
within 
the tACO (max) limit assures that tAAC (max) 


can be met. tACO (max) is specified 
as a reference point only. If 


tACO Is greater than the specified 
tACO (max) limit, then access 


time is controlled 
exclusively 
by tCAC' 


The tCAP requirement 
should be applicable 
for RAS/CAS cycles 


preceded 
by any cycle. 


Either tAAH or tACH must be satisfied 
for a read cycle. 


These parameters 
are referenced to the lea~ 
edge of CAS In 


early write cycles and to the leading edge of WE In delayed write 
or read-modify-write 
cycles. 


For DOUT9, twcs, 
tCWD' and tAWD are restrictive 
operating 


parameters 
in read-write 
and read-modify-wrlte 
cycles only. If 


twcs 
'" 
twcs 
(min), the cycle is an early write 
cycle and the 


data output will remain open-circuit 
throughout 
the entire cycle. 


If tCWD '" tCWD (min) and tAWD '" 
tAWD (min), the cycle is a 


read-write cycle and the data output will contain data read from 
the selected 
cell. If neither 
of the above conditions 
is met, the 


condition 
of DOUT 9 (at access time and until CASg goes back to 


VIH) is indeterminate. 


The execution 
of read-write/read-modify-write 
cycles 
is con- 


trolled 
by CASg because of its separate 
data input and output 


pins. Therefore, 
only one device (of the nine packaged 
on the 


SIMM) can execute read-write/read-modify-write 
cycles. 
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Timing Waveforms 
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Timing Waveforms (cont) 


Early Write Cycle 
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I 
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Timing Waveforms (cont) 


Relld-Write/Relld-Modify-Write 
Cycle 
(DOUT9only) 
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r- 
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WE -m-m-71;;-!I1 
I 
Yf//f//1///// 7/1/////II/////!JI/IA 
L -l 
tCAC 
I 


tRAC 
tOFF -.j ~ 


High Impedance 
: 
DOur 
Vaiid Data 


NEe 


Timing Waveforms 
(cont) 


CAS Before RAS Refresh Cycle 


- -{'~' 


CAS 
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[1J WE and Address = don'l care. 
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CAS 
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Timing Waveforms (cont) 


Page Read Cycle 
'''l 


II 
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Timing Waveforms (cont) 


Page Early Write Cycle 
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Timing Waveforms (cont) 


Page Read-Write/Read-Modify-Write 
Cycle 
(DOUTSonly) 
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NEe Electronics Inc. 


MC·421000A9 
1,048,576 
x 9·Bit 
CMOS Dynamic RAM Module 


Description 


The MC-421000A9 
is a fast-page, 
1,048,576-word 
by 


9-bit CMOS dynamic 
RAM module, designed to operate 
from a single 
+5 volt power supply. 
Advanced 
CMOS 


circuitry, 
including 
a single-transistor 
storage 
cell, 


2048 sense 
amplifiers 
per data 
output, 
multiplexed 


address 
buffers 
and flexible 
refresh controls, 
provides 


good system operating 
margins. 


The MC-421000A9 
is functionally 
equivalent 
to eight 


pPD421000 
standard 
1M DRAMs 
plus 
a parity 
bit. 


Refreshing 
is accomplished 
by performing 
RAS-only 


refresh cycles, hidden 
refresh cycles, CAS before RAS 


refresh cycles, or normal read or write cycles on the 512 
address combinations 
of Ao-Aa during 
an 8-ms period. 


The Single 
Inline 
Memory 
Module 
(SIMM 
T 
") 
package 
reduces system cost, enhances 
reliability, 
and reduces 


the size and weight 
of a system. 
The SIMM 
includes 
nine pPD421000s 
in SOJ 
packages 
and 
nine 
power 
supply 
decoupling 
capacitors. 


Features 
o 1,048,576-word 
by 9-bit organization 


o Single +5 V ± 10% power supply 
o Standard 
30-pin Single 
Inline Memory 
Module 


(SIMM) 
packaging 


o Incorporates 
nine 1M dynamic 
RAMs in high-density 
SOJ packaging 
(pPD421000LA) 


o Includes 
power supply 
decoupling 
capacitors 


o Low power dissipation: 
49.5 mW standby 
(max) 
o TTL-compatible 
I/O 


o 512 refresh cycles 
(Ao-Aa are refresh address 
pins) 
o Fast-page 
capability 


30 VCC 


29 DIN 9 
28 CAS9 


27 RAS 


26 DOUT9 
251/08 
24 NC 


231/07 
22 GND 


21 WE 


201/0s 


19 NC 


18 A9 
17 A8 


161/05 
15 A7 


14 As 


131/04 


12 As 


11 A4 


101/03 
9 GND 


8 A3 


7 A2 


61102 


5 A1 


4 Ao 
31/0, 


2 CAS 


1 VCC 


II 


Package 


30-pin leaded SIMM 


Part Number 
Row Access Time (max) 
Column Access Time (max) 
Fast-Page Cycle Time (min) 


MC·421000A9A·70 
70 n5 
20 ns 
45 ns 


A-SO 
80 ns 
20 n5 
50 ns 


A-lO 
100 ns 
25 ns 
60 ns 


A-12 
120 ns 
30 ns 
70 ns 


MC-421000A9B-70 
70 ns 
20 ns 
45 ns 


B-80 
80 ns 
20 ns 
50 ns 


B·l0 
100 ns 
25 ns 
60 ns 


B-12 
120 ns 
70 ns 
65 ns 


Notes: 


0 


30 
VCC 
~--, 
29 
DIN S 
L _ -' 
28 
CASS 


27 
RAS 


~--, 
26 
DOUTS 
L_-' 
25 
II0a 


24 
NC 


23 
1107 
~-., 
22 
GND 
L_-' 
21 
WE 


20 
1/06 
r -., 
19 
NC 
L_-' 
18 
Ag 


17 
A8 
r-., 
16 
1/05 
L_-' 
15 
A7 


14 
A6 


13 
1/04 
r-., 
12 
A5 
1.._-, 
11 
A4 
10 
1/03 
r--, 
9 
GND 
L_-' 
8 
A3 
7 
A2 


6 
1/02 
r--, 
5 A1 
1.._-, 
4 
AO 
3 
1/01 
r--, 
2 
CAS 
I.._~ 


1 
VCC 


Symbol 


AO-Ag 


1/01-1/08 


DIN 9 


DoUTS 


RAS 


CAS 


CASg 


WE 


GND 


Vcc 


NC 


Function 


Address inputs 


Common data inputsloutputs 


Data input 9 


Data output 9 


Row address strobe 


Column address strobe 


Column address strobe for data output 9 


Write enable 


Ground 


+S-volt power supply 


No connection 


NEe 


- 
AO-Ag 
- 
AO-Ag 


RAS 
RAS 


CAS 
CAS 


WE 
WE 


I 


DIN 
DOUTl 
1/05 


I 


DIN 
DOUTl 
VCC 
GND 
VCC 
GND 


I 
I 


I 
I 
- 
AO-Ag 
- 
AO-Ag 


RAS 
RAS 


CAS 
CAS 


WE 
WE 


I 


DIN 
DOUTl 
1/06 


I 


DIN 
DOUTl 
VCC 
GND 
VCC 
GND 
I 
I 
- 
AO-Ag 
- 
AO-Ag 


RAS 
RAS 


CAS 
CAS 


WE 
WE 


I 


DIN 
DOUTl 
1/07 
DIN 
DOUTl 
VCC 
GND 
I 


VCC 
GND 
I 
I 
- 
AO-Ag 
- 
AO-Ag 


RAS 
RAS 


CAS 
CAS 


WE 
WE 


I 


DIN 
DOUTl 
II0e 
I 


DIN 
DOUTl 
vcc 
GND 
Vcc 
GND 
I 
I 


lC1thruC9 
T 
I 
VCC 
GND 
- 
AO-Ag 


RAS 


CASg 
CAS 


WE 


DINg 
DIN 
DOUTl 


D 


AO-Ag 


RAS 


CAS 


WE 


ttt{EC 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 


Operating temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output current, los 


Power dissipation, 
Po 


-1.0 to +7.0 V 


o to +70·C 


-55 to +125·C 


50 mA 


9.0W 


Capacitance 


T A = 25 ·C; f = 1 MHz 


Parameter 


Input capacitance 


Comment: 
Exposure 
to Absolute 
Maximum 
Ratings 
for extended 


periods 
may affect 
device 
reliability; 
exceeding 
the ratings 
could 


cause permanent 
damage. The device should be operated within the 


limits specified 
under DC and AC Characteristics. 


Input/output 
capacitance 


Output capacitance 


Symbol 
Max 
Unit 
Pins Under Test 


Cil 
70 
pF 
AO-Ag,RAS, CAS, WE 


CI2 
7 
pF 
CASg, DINg 


CD 
15 
pF 
1/0,-1/°8 


Co 
10 
pF 
DOUT9 


DC Characteristics 
TA = 0 to +70·C; 
Vcc = 5 V ±10%; GND = 0 v 


Limits 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voitage 
Vcc 
4.5 
5.0 
55 
V 


Input voltage, high 
VIH 
2.4 
Vcc + 1.0 
V 


Input voltage, low 
VIL 
-1.0 
08 
V 


Standby current 
ICC2 
27 
mA 


9 
mA 


Input leakage current 
IlL 
-90 
90 
IJA 


Input leakage current 
IIL9 
-10 
10 
IJA 


Output leakage current 
tOL 
-10 
10 
IJA 


Output voltage, low 
VOL 
0 
0.4 
V 


Output voltage, high 
VOH 
2.4 
Vcc 
V 


RAS = CAS;:O:VIH 


RAS = CAS ;:0: Vcc -0.2 V 


For AO-Ag, RAS, CAS, WE: VIN = 0 to 5.5 V; other pins = 0 V 


For CASg, DINg; VIN = 0 to 5.5 V; other pins = 0 V 


For 110,-1/°8 
and DOUTg: DOUTdisabled; VOUT= 0 to 5.5 V 


lOUT= 4.2 mA 


IOUT= -5 mA 


NEe 
MC·421000A9 


AC Characteristics 
TA = 0 to +70·C; 
Vcc = 5.0 V ±10% 


Limits 


MC-421OOOA9·80MC-421000A9-10 MC-421000A9-12 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Operating current, average 
ICC1 
630 
540 
450 
mA 
RAS, CAS cycling; tRC= tRC min (Note 5) 


Operating current, refresh 
ICC3 
630 
540 
450 
mA 
RAS cycling; CAS ~ VIH, tRC= tRCmin; 
cycle, average 
10= 0 mA (Note 5) 


Fast-page operating 
ICC4 
540 
450 
360 
mA 
RAS:s VIL; CAS cycling; tpc = tpc min; 
current, average 
10= 0 mA (Note 5) 


Operating current, CAS before 
ICC5 
630 
540 
450 
mA 
tRC= tRCmin; 10= 0 mA 


Ri'iS refreshing, 
average 
(Note 5) 


Random read or write 
tRC 
160 
190 
220 
ns 
(Note 6) 


cycle time 


Read-write cycle time 
tRWC 
190 
225 
260 
ns 
(Notes 6, 20) 


Fast-page cycle time 
tpc 
50 
60 
70 
ns 
(Note 6) 


Refresh period 
tREF 
8 
8 
8 
ms 


Access time from RAS 
tRAC 
80 
100 
120 
ns 
(Notes 7,8) 
II 


Access time from CAS (falling 
tCAC 
20 
25 
30 
ns 
(Notes 7,9, 10, 11) 


edge) 


Access time from 
tAA 
45 
50 
60 
ns 
(Notes 7, 10, 11) 


column address 


Access time from CAS 
tACP 
45 
55 
65 
ns 
(Notes 7, 11) 


precharQe (rising edge) 


Output buffer turnoff 
delay 
tOFF 
0 
20 
0 
25 
0 
30 
ns 
(Note 12) 


Transition time (rise and fall) 
tT 
3 
50 
3 
50 
3 
50 
ns 
(Note 4) 


RAS precharge time 
tRP 
70 
80 
90 
ns 


RAS pulse width 
tRAS 
80 
10000 
100 
10000 
120 
10000 
ns 


Fast-page RAS pulse width 
tRASP 
80 
100000 
100 
100000 
120 
100000 
ns 


RAS hold time 
tRSH 
20 
25 
30 
ns 


CAS pulse width 
tCAS 
20 
10000 
25 
10000 
30 
10000 
ns 


CAS hold time 
tCSH 
80 
100 
120 
ns 


RAS to CAS delay time 
tRCO 
25 
60 
25 
75 
25 
90 
ns 
(Note 13) 


CAS to RAS precharge time 
tCRP 
10 
10 
10 
ns 
(Note 14) 


CAS precharge time 
tCPN 
10 
10 
15 
ns 


(non-page mode) 


Fast-page CAS precharge 
tcp 
10 
20 
10 
25 
15 
30 
ns 
(Note 11) 


time 


RAS precharge CAS hold time 
tRPC 
0 
0 
0 
ns 


Row address setup time 
tASR 
0 
0 
0 
ns 


Row address hold time 
tRAH 
12 
12 
15 
ns 


RAS to column address 
tRAO 
17 
35 
17 
50 
20 
60 
ns 
(Note 10) 


delay time 


Column address setup time 
tASC 
0 
20 
0 
20 
0 
25 
ns 
(Note 11) 


Column address hold time 
tCAH 
20 
20 
25 
ns 


Column address hoid time 
tAR 
60 
70 
85 
ns 


referenced to RAS 


5-69 


AC Characteristics 
(cont) 
TA = 0 to +70·C; 
VCC = 5.0 V ±10% 


Limits 


MC·421000A9·80MC·421OOOA9·1 
0 
MC·421000A9·12 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Min 
Max 
Unit 


Column address lead time 
tRAL 
45 
55 
65 
ns 
referenced to RAS (rising edge) 


Read command setup time 
tRCS 
0 
0 
0 
ns 


Read command hold time 
tRRH 
10 
10 
10 
ns 


referenced to RAS 


Read command hold time 
tRCH 
0 
0 
0 
ns 


referenced to CAS 


Write command hold time 
tWCH 
15 
20 
25 
ns 


Write command hold time 
tWCR 
55 
70 
85 
ns 
referenced to RAS 


Write command pulse width 
twP 
15 
20 
25 
ns 


Write command to RAS lead time 
tRWL 
25 
30 
35 
ns 


Write command to CAS lead time 
tCWL 
15 
20 
25 
ns 


Data-in setup time 
tos 
0 
0 
0 
ns 


Data·in hold time 
tOH 
20 
20 
25 
ns 


Data·in hold time referenced to RAS 
tOHR 
60 
70 
85 
ns 


Write command setup time 
twcs 
0 
0 
0 
ns 


CAS to WE delay time 
tcwo 
20 
25 
30 
ns 


RAS to WE delay time 
tRWO 
80 
100 
120 
ns 


Column address to WE delay time 
tAWO 
45 
55 
65 
ns 


CAS setup time for CAS before 
tCSR 
10 
10 
10 
ns 
RAS refreshing 


CAS hold time for CAS before 
tCHR 
15 
20 
25 
ns 
RAS refreshing 


Notes: 


(Note 17) 


(Note 17) 


(Note 18) 


(Notes 18, 20) 


(Notes 18, 20) 


(Notes 18,20) 


(Note 19) 


(1) 
All voltages are referenced 
to GND. 


(2) 
An initial pause of 100Jls is required after power-up, 
followed 
by 


any eight RAS cycles before proper device operation 
is achieved. 


(3) 
Ac measurements 
assume tT = 5 ns. 


(4) 
VIH (min) 
and VIL (max) 
are reference 
levels for measuring 
timing 
of input signals. Transition 
times are measured between 
VIH and VIL· 


(5) 
ICC1, ICC3' ICC4, and Iccs depend on output 
loading and cycle 
rates. Specified 
values are obtained 
with the output open. ICC3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only 
refresh cycles. 
ICC4 is measured assuming 
that all column 
address inputs are 


switched 
only once each fast-page 
cycle. 


(6) 
The minimum 
specifications 
are used only to indicate the cycle 


time at which proper operation 
over the full temperature 
range 


(TA = 0 to +70·C) 
is assured. 


(7) 
Load = 2 TTL (-1 
mA, +4 mAl loads and 100 pF (VOH = 2.0 V, 
VOL =0.8 
V). 


(8) 
Assumes 
that tRCD :s tRCD (max) and tRAD :s tRAD (max). 
If 


tRCD or tRAD is greater than the maximum 
recommended 
value 


in this table, tRAC increases 
by the amount 
that tRCD or tRAD 


exceeds the value shown. 


(9) 
Assumes that tRCD ;::,tRCD (max) and tRAD :s tRAD (max). 


(10) If tRAD;::' tRAD (max). then the access time is defined 
by tAA. 


(11) For fast-page 
read operation, 
the definition 
of access time is as 


follows. 


CAS 
and 
Column 
Address 
Input 
Conditions 


tcp:S 
tcp (max). tASC ;::,tcp 


tcp :s tcp (max), tASC :s tcp 


tcp;::' tcp (max). tASC :s tASC (max) 


tcp;::' tcp (max), tASC;::' tcp 


NEe 


Notes [cont]: 


(12) tOFF (max) defines 
the time at which 
the output 
achieves the 


open-circuit 
condition 
and is not referenced 
to VOH or VOL. 


(13) Operation 
within 
the tRCD (max) limit assures thattRAC 
(max) 


can be met. tRCD (max) is specified 
as a reference 
point only; 
if tRCD is greater 
than tRCD (max), access time is controlled 


exclusively 
by tCAC' 


(14) The tCRP requirement 
should be applicable 
for RAS/CAS cycles 
preceded 
by any cycle. 


(15) Either tRRH or tRCH must be satisfied for a read cycle. 


(16) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. 
For early write operation, 
both twcs 
and tWCH must be met. 


(17) These parameters 
are referenced 
to the falling edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write 
cycles. 


(18) For DOUT g, parameters 
twcs, 
tcwD, 
tRwD, and tAWD are 


restrictive 
operating 
parameters 
in 
read-write/read-modify- 


write 
cycles only. 
If twcs 
2: twcs 
(min), 
the cycle 
is an early 


write 
cycle 
and 
the 
data 
output 
will 
remain 
open-circuit 


throughout 
the entire cycle. If tCWD 2: tCWD (min), tRWD2: tRWD 


(min), and tAWD 2: tAWD (min), the cycle 
is a read-write 
cycle 


and the data output will contain data read from the selected cell. 
If neither of the above conditions 
is met, the condition 
of DOUT 9 
(at access time and until CASg returns to VIH) is indeterminate. 


(19) CAS before RAS operation 
is specified. 


(20) Read-write/read-modify-write 
operation 
can be performed 
only 


by the SOJ controlled 
by CASg because of its separate 
data 
input and output 
pins. 


II 


fttfEC 


tAR~ 


IRCS 
I 


I 


1-· 
- 


High 


Impedance 


NEe 


tCSH 
: 


I tRSH 


tCAS 


1_ ~'""1 r-'""=1 n 
.,7///////~ 
!.r 
jiffl/ !l/////ff/////I//////Ii 


1 
':'1 
1 
- 
I--""-~ 
DIN1!/--1//-II}-W-1/M 
v.lidDat~ 
;,;~m~Y1;j~!I}~II""""""m~m~m""""""'m""""""~ 


I. 
tOHR 
.- 


DOUT 
High 
Impedance 


II 


ICRP 
!---IRCO-. 


High 


Impedance 


t\'EC 


Timing Waveforms (coni) 


RAS-Only 
Refresh Cycle 


t\'EC 


1-=1 
:~~ 
L"""l 
I 


wE~l//;j~l/h~!jj/l~J 
-- 
W////////{lJlII////I//I//////h 


L 


ICAC 
J 


IRAC 
IOFF 
~ 


High 
: 
Valid Data 
Impedance 
. 


tvEC 


Timing Waveforms (coni) 


CAS Before 
RAS Refresh 
Cycle 
. 
IRC 
. 
IRAS 


1\ 


+---tRP---' 


_ICSR- 
+---tCHR----+ 
__ 
IRPC 


II 


"'l 


----tpc 
'I 


High 


Impedance 


t-{EC 


II 
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MC·424100A9 


4,194,304 x 9·Bit 


Dynamic CMOS RAM Module 


Description 


The MC-424100A9is a fast-page 4,194,304-wordby 9-bit 
dynamic RAM module designed to operate from a single 
+5-volt power supply.Advanced CMOScircuitry, includ- 
ing a single-transistor storage cell, multiplexed address 
buffers and flexible refresh controls, provides good sys- 
tem operating margins. 


The MC-424100A9 is functionally 
equivalent to eight 


~PD424100standard 4M DRAMs plus a parity bit. Re- 
freshing is accomplished by means of RAS-only refresh 
cycles, hidden refresh cycles, CAS before RAS refresh 
cycles, or by normal read or write cycles on the 1024 
address combinations of Ao through A9 during a 16-ms 
period. 


Single Inline Memory Module (SIMM'") 
packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. The SIMM includes nine ~PD424100sin SOJ 
packages and nine power supply decoupling capacitors. 


Features 


o 4,194,304-wordby 9-bit organization 
o Single +5 V ± 10%power supply 
o Standard 30-pin SIMM packaging 
o Nine 4M dynamic RAMs incorporated in high- 


density SOJ packaging ~PD424100LA) 


o Nine power supply decoupling capacitors 
o Low power dissipation of 49.5 mW standby (max) 
o TTL-compatible inputs and outputs 
o 1024refresh cycles every 16 ms 
o Fast-page capability 


Column 
Access 
Time (max) 


80 ns 


100 ns 


80 ns 


100 ns 


Row Access 
Time (max) 


20 ns 


25 ns 


20 ns 


25 ns 


Fast Page Cycle Time (min) 


50 ns 


60 ns 


50 ns 


60 ns 


MC-424100A9A·80 


A-l0 


MC-424100A9B-80 


B-l0 


30 VCC 


29 DIN9 


28 CAS9 


27 
RAS 


26 
D0UT9 


25 
V08 


24 NC 


23VO] 


22 GND 


21 
WE 


20 
VOs 


19 A10 


18 A9 


17 A8 


1S VOs 


15 A7 


14 As 


13 V04 


12 
AS 


11 A4 


10 
V~ 


9 GND 


8 A3 


7 A2 


S V02 


5 
A1 


4 
Ao 


3 V01 


2 
CAS 


1 VCC 


Package 


30-pin 
leaded SIMM 


Pin Configurations 
(cont) 


3D-Pin Socket-Afountable SIMM 


30 Vcc 
29 DIN9 


2a 
CAS9 


27 
RAS 


26 DOUT9 


25 
VOa 


24 NC 


23 V07 
22 GND 


21 
WE 


20 
VOs 


19 A10 
,a A9 


17 
Aa 
's 
VOS 
'5 A7 


14 As 


13 V04 


12 
AS 


" 
A4 
10 V03 
9 GND 
a A3 


7 A2 


S V02 
5 A, 


4 
Ao 


3 
V01 


2 CAS 


1 Vcc 


Symbol 


Ao-A10 


1/01 -I/Oa 


DIN9 


DOUT9 
CAS 


CASg 
~ 


WE 


GND 


Vcc 


NC 


Function 


Address inputs 


Common data inputs/outputs 


Data input 9 


Data output 9 


Column address strobe 


Column address strobe for data output 9 


Row address strobe 


Write enable 


Ground 


+5-volt 
power supply 


No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output 
current, los 


Power dissipation, 
Po 


-1.0 to +7.0 V 
o to +70°C 


-55 to + 125°C 


50mA 


9.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated within 
the limits 
specified 


under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input voltage, high 
VIH 
2.4 
Vcc 
+ 1.0 
V 


Input voltage, low 
VIL 
-1.0 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
0 
70 
°C 


Capacitance 
TA = 25°C; f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


Input capacitance 
CI1 
70 
pF 
Address, DIN 


CI2 
7 
pf 
CASg, DIN9 


inpuVoutput 
capacitance 
CD 
10 
pF 
DOUT9 


Cia 
15 
pF 
1/°1 through 1/08 


NEe 


- 
Address 
>--- 
Address 
>- - 
RAS 
.-- 
RAS 


CAS 
CAS 


WE 
WE 


1 


DIN 
Door 
~ 
Vas 
I 


DIN 
Door~ 
VCC 
G~D 
VCC 
G~D 
I 
I 
I 
I 


>--- 
Address 
>--- 
Address 
f- - 
RAS 
f- - 
RAS 


CAS 
CAS 


WE 
WE 


1 


DIN 
DOUT~ 
Vas 


1 


DIN 
Door~ 
VCC 
GND 
VCC 
G~D 
I 
I 
I 
I 
I 


>--- 
Address 
>--- 
Address 
f- - 
RAS 
f- - 
RAS 


CAS 
CAS 


WE 
WE 
I 


DIN 
DOUT~ 
Vo, 


I 


DIN 
DOUT~ 
VCC 
GND 
VCC 
GND 
I 
I 
I 
I 
I 
I 
- 
Address 
>--- 
Address 
'--- 
RAS 
.-- 
RAS 


CAS 
CAS 
WE 
WE 


) 


DIN 
Door 
~ 


VOa 


I 


DIN 
Door~ 
VCC 
GND 
VCC 
GND 
I 
I 
1.. C1 through Cg 
T 
I 
- 
Address 
~ 
RAS 
- 
CAS 
CASg 


WE 


DINS 
DIN 
DOUT ~ 
VCC 
GND 


Address 


RAS 


CAS 


WE 


NEe 


DC Characteristics 
TA = 0 to +70"C; vcc 
= +s.o V ~10% 


Parameter 


Standby 
current 


Max 
Unit 
Test Conditions 


18 
mA 
RAS = CAS' "" VIH (min) 


9 
mA 
RAS = CAS' "" VCC - 0.2 V 


90 
p.A 
For addresses, RAS, CAS' and WE: VIN = 0 V to 
VCC; all other pins not under test = 0 V 


10 
p.A 
For CAS'g and DINg: V1N = 0 to S.SV; 
all other pins = 0 V 


10 
p.A 
DOUT disabled; 
VOUT = 0 V to VCC 


0.4 
V 
10L = 4.2 mA 


V 
10H = -S mA 


Symbol 


ICC2 


Output 
leakage current 


Output voltage, low 


Output voltage, high 


AC Characteristics 
TA = 0 to +70·C; vcc 
= +s.o V ~10% 


Parameter 


Operating 
current, average 


Operating 
current, RAS-only refresh 
cycle, average 


Operating 
current, fast-page cycle, 
average 


Operating 
current, ~ 
before RAS 
refresh cycle, average 


Access time from column address 


Access time from CAS precharge 
(rising edge) 


Column address setup time 


Row address setup time 


Column address to WE delay time 


Access time from ~ 
(falling edge) 


Column address hold time 


~ 
pulse width 


CAS hold time for CAS before RAS 
refresh cycle 


~ 
to output 
in low impedance 


~ 
precharge time, fast-page cycle 


~ 
precharge time, nonpage cycle 


~ 
to RAS precharge time 


CAS' hold time 


CAS setup time for CAS' before RAS 
refresh cycle 


CAS' to WE delay 


MC-424100A9-80 
MC-424100A9-10 


Symbol 
Mln 
Max 
Mln 
Max 
Unit 


ICC1 
810 
720 
mA 


ICC3 
810 
720 
mA 


ICC4 
630 
540 
mA 


ICC5 
810 
720 
mA 


tAA 
40 


tAGP 
45 


tASC 
0 
0 


tASR 
0 
0 


tAWD 
40 
50 


tCAG 
20 


tCAH 
15 
20 


tCAS 
20 
10,000 
25 


tCHR 
15 
20 


teLZ 
0 
0 


tcp 
10 
10 


tCPN 
10 
10 


tCRP 
10 
10 


tCSH 
80 
100 


tCSR 
10 
10 


tCWD 
20 
25 


Test Conditions 


RAS and CAS cycling; tRC = 
tRC min; 10 = 0 mA (Note 5) 


RAS cycling; CAS' "" VIH; 
tRC = tRC min; 10 = 0 mA 
(NoteS) 


RAS s VIL; ~ 
cycling; 


tpc 
= tpc min; 10 = 0 mA 
(Note 5) 


RAS cycling; CAS' before RAS; 
tRC = tRC min; 10 = 0 mA 
(Note 5) 


(Notes 7, 9) 


(Notes 7, 9) 


(Notes 16, 18) 


(Notes 7, 9) 


~EC 
MC·424100A9 


AC Characteristics 
(cont) 


MC-424100A9-80 
MC-424100A9-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Write command 
to <:;AS lead time 
tCWL 
15 
20 
ns 
(Note 18) 


Data-in hold time 
tDH 
15 
20 
ns 
(Note 15) 


Data-in setup time 
tDS 
0 
0 
ns 
(Note 15) 


Output 
buffer turnoff 
delay 
tOFF 
0 
20 
0 
25 
ns 
(Note 10) 


Fast-page cycle time 
tpc 
50 
60 
ns 
(Note 6) 


Fast-page read-modify-write 
cycle time 
tpRWC 
80 
95 
ns 
(Note 6, 18) 


Access time from RAS 
tRAG 
80 
100 
ns 
(Notes 7,8) 


RAS to column address delay time 
tRAD 
17 
40 
17 
50 
ns 
(Note 9) 


Row address hold time 
tRAH 
12 
12 
ns 


Column address lead time referenced 
tRAL 
40 
50 
ns 


to RAS (rising edge) 


RAS pulse width 
tRAS 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, fast-page cycle 
tRASP 
80 
125,000 
100 
125,000 
ns 


Random read or write cycle time 
tRC 
160 
190 
ns 
(Note 6) 
II 


RAS to CAS delay time 
tRCD 
25 
60 
25 
75 
ns 
(Note 11) 


Read command 
hold time referenced 
tRCH 
0 
0 
ns 
(Note 13) 
to CAS 


Read command 
setup time 
tRCS 
0 
0 
ns 


Refresh period 
tREF 
16 
16 
ms 
Addresses Ao through Ag 


RAS precharge time 
tRP 
70 
80 
ns 


RAS precharge CAS hold time 
tRPC 
10 
10 
ns 


Read command 
hold time referenced 
tRRH 
10 
10 
ns 
(Note 13) 
10 RAS 


RAS hold time 
tRSH 
20 
25 
ns 


Read-write cycle time 
tRwC 
185 
220 
ns 
(Notes 6, 18) 


RAS to WE delay 
tRWD 
80 
100 
ns 
(Notes 16, 18) 


Write command 
to RAS lead time 
tRwL 
20 
25 
ns 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
ns 
(Note 3) 


Write command 
hold time 
tWCH 
15 
20 
ns 


Write command 
setup time 
twcs 
0 
0 
ns 
(Note 16) 


WE hold time 
tWHR 
15 
20 
ns 


Write command 
pulse width 
twP 
15 
20 
ns 
(Note 14) 


WE setup time 
tWSR 
10 
10 
ns 


Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 I'S is required after power-up, followed by 
any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 
achieved. 
At the end of the initial 
power-up 
sequence, 
it is 


recommended 
that either a RAS-on!l...!:efresh or a CAS before 


RAS refresh cycle be executed while WE '" V1Hto ensure normal 
operation. 


(3) AC measurements 
assume tT = 5 ns. 


(4) V1H (min) and V1L(max) are reference levels for measuring 
the 
timing 
of input signals. Transition 
times are measured between 
VIH and VIL' 


(5) 
ICCI' ICC3, ICC4' and Iccs depend on output 
loading and cycle 
rates. Specified values are obtained 
with the output open. ICC3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during 
RAS-only refresh cycles. 
ICC4 is measured assuming 
that all column address inputs are 


switched 
only once during each fast-page cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 
time at which 
proper operation 
over the full temperature 
range 


(TA = a to +70°C) is assured. 


(7) 
Load = 2 TTL (-1 mA, +4 mAl loads and 100 pF (VOH = 2.0 V, 
VOL = 0.8 V). 


(8) Assumes that tRCD s tRCD (max) and tRAD s 
tRAD (max). If 
tRCD or tRAD is greater than the maximum 
recommended 
value 


in this table, tRAC increases by the amount that tRCD or tRAD 
exceeds the value shown. 


(9) 
If tRAD '" tRAD (max), then the access time is defined 
by tAA. 


(10) tOFF 
(max) defines the time at which 
the output 
achieves the 
open-circuit 
condition 
and is not referenced to VOH or VOL' 


(11) Operation 
within the tRCD (max) limit assures that tRAG (max) 
can be met. tRCD (max) is specified 
as a reference point only; if 


tRCD is greater than tRCD (max), then access time is controlled 
exclusively 
by tCAC' 


(12) 
The tCRP requirement 
should be applicable 
for RAS/CAS cycles 


preceded by any cycle. 


(13) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(14) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. 
For early 
write 
operation, 


both twcs 
and tWCH must be met. 


(15) These parameters 
are referenced to the fal~ 
edge of CAS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(16) twcs, 
tRWD, tCWD, and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-modify-write 
cycles only. If twcs 
'" twcs 


(min), the cycle isan 
early write cycle and the data output will 
remain open-circuit 
throughout 
the entire cycle.lftcwD 
'" tCWD 


(min) , tRWD '" tRWD (min), and tAWD '" tAWD (min), the cycle is 
a read-write cycle and the data output will contain data read from 
the selected 
cell. If neither of the above conditions 
is met, the 


condition 
of the data output 
pin (at access time and until CAS 


returns to V1t-tlis indeterminate. 


(17) A test mode may be initiated 
by executing 
a CAS before RAS 


refresh cycle with WE held at V1L.This mode also may inadvert· 
ently 
be initiated 
during 
power-up 
because 
external 
control of 


the signal lines is very difficult 
during this period. It is therefore 


recommended 
that while WE is held at V1H,either a RAS-only or 


CAS before RAS refresh cycle should 
be executed 
at any time 


after the end of the initial power-up sequence 
to ensure normal 


device operation. 


(18) Read-write/read-modify·write 
cycles 
can be executed 
only 
by 


CAS9, D1N9and DOUT9 because of the separate data input and 
output 
pins. See block diagram. 


NEe 


Timing 
Waveforms 


Read Cycle 


II 


t'tfEC 


Timing Waveforms (cont) 


Early Write Cycle 


1",,-0( 
--IRSH 


tCSH 


~twcs~ 
htWCH 


WE//II/II!IImi 
IIWPTlz; //////1)(// I///JI/JI/JI/JI I///Il 


tDS_-~t ~ 
~IDH=:j_ 


DIN Z~7/~71j~!I~7 
a~/M~JZI?( 
Valid Data ~~71/~!l~71/~7/~/ 
1/~7M~!l~7 
M~7t~!lj~71 


NEe 


Timing Waveforms (cont) 


I..8te Write Cycle 
(D,Ng> 
DOUT9> and CASg Only) 


IRSH 


tCAS 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write 
Cycle 
(D'N9> DOUf9, 
and CASg Only) 


Timing Waveforms (cont) 


RAS-only Refresh Cycle 


Note: 
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MC-424256A36 
262,144 x 36-Bit 


Dynamic RAM Module 


Description 


The MC-424256A36 is a page mode dynamic 
RAM 


module organized as 262,144 words by 36 bits and 
designed to operate from a single + 5-volt power sup- 
ply. Advanced circuitry 
ensures minimum power dissi- 
pation and excellent operating margins. 


The three-state output is controlled 
by CAS indepen- 


dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Refreshing is accomplished 
by means of 


RAS-only refresh cycles, CAS before RAS refresh cy- 
cles, hidden refresh cycles, or by the 512 address 
combinations of Ao through As during an B-ms period. 


Single Inline Memory Module (SIMMT") packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. Each SIMM contains eight 262,144x 4-bit 
pPD424256s in SOJ packages, four 262,144 x 1-bit 
pPD41256s in PLCC packages, and twelve power sup- 
ply decoupling 
capacitors 
for noise reduction. 
DOc 


through D035 are common input/output 
pins. 


Features 


o 262,144-word by 36-bit organization 
o Single + 5-volt power supply 
o Page mode operation 
o Low power dissipation 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 512 refresh cycles every B ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 


Pin Configuration 


72-PinSIMM 


0 


I 


o~ = 


72 GND 
= 


71 NC 
= 70 INol.'1 
= 


69 
Nolet 
= 


68 
Note 1 
= 


67 
Notet 
= 


66NC 


I 


o~ = 


65 00,. 
= 


•• 
00,. 
= 


63 00,5 
= 


62 0033 
= 


61 0014 
= 


60 0032 
= 


59 Vec 


I 


o~ = 


58 0031 
= 


57 0013 
= 
56 0030 
= 55 ""', 
= 


54 0029 
= 


63 00" 
= 52 """. 


I 
o~ = 


51 00,0 
= 50 """7 
= 


•• 
DOg 
= 


OS NC 
= 


47 WE 
= 


06NC 
= 


OSNC 
DD 


= 


44 BASo 
= 


43 QaS, 
= 


42 ~3 
= 
41 CAS2 
= 


40 ~O 
= 


39 GND 
= 


38 0035 
= 
37 
0017 


DD 
= 


J6 00, 
= 


35 D026 
= 


34 RAS2 
= 


33NC 
= 


32 NC 
= 


31 AS 
= 


30 Vec 
= 


,. 
NC 
= 28 A7 


I 
o~ = 


270025 
= 


26 007 
= 


250024 
= 24006 
= 


23 0023 
= 22 DOs 
= 


21 D022 


I 


o~ = 20 00. 
= 
" 
NC 
= 


18 AS 
= 
17 AS 
= 
16 A4 
= 


15 A3 
= UA2 


I 


o~ = 
13 At 
= 
12 
AO 
= 


11NC 
= 
10 Vcc 
= 


9 
0021 
= 


, 
003 
= 
7 
"""0 


I 


o~ = 


• 
00, 
= 5 0019 
= 


• 
00, 
= 


3 
0018 
= n~8 
= 
O~ 


Notes: 


[1] 
Pins 67 through 70 are defined by access 
time: 


Pins 
80 ns 
85 na 
100 na 


67 
GND 
GND 
GND 


66 
NC 
NC 
NC 


69 
NC 
NC 
GND 


70 
GND 
GND 
GND 


83Yl·7320A 


II 


Block Diagram 


RASo 
RAS2 


CASo 
CAS2 


DOo 
1/°1 
CAS 
RAS 
D018 
11O, 
CAS 
RAS 


DOl 
U02 
D019 
1/°2 
D02 
1/°3 
Do 
D020 
1/°3 
Dl 
D03 
1/°4 
D021 
1/°4 


OE 
DE 
-= 


D04 
1/°1 
D022 
1/°1 
DOs 
U02 
D023 
U02 
D06 
1/°3 
D2 
D024 
1/°3 
D3 
D07 
1/°4 
D02S 
U04 


OE 
DE 


-= 


CAS 
RAS 
CAS 
RAS 


D08 
DIN/Dour 
D026 
DIN/Dour 


Mo 
Ml 


CAS1 
CAS3 


D09 
1/°1 
CAS 
RAS 
D027 
1/°1 
CAS 
RAS 


DOlO 
1/°2 
D028 
U02 
DOll 
1/°3 
D4 
D029 
1/°3 
Ds 
D012 
1/°4 
D030 
1/°4 


DE 
DE 


-= 
-= 


D013 
UOl 
D031 
1/°1 
RAS 


D014 
U02 
D032 
1/°2 
DOlS 
1/°3 
D6 
D033 
1/°3 
D7 
D016 
U04 
D034 
1/°4 


OE 
OE 


-= 
-= 


CAS 
CAS 
DOn 
DIN/Dour 
D03S 
DIN/Dour 


M2 
M3 


Address __ 
DO- D7 and MO- M3' 


WE -- 
DO-D7 
andMO-M3' 


Vcc * CO-Cl1 


)0 
DO-D7andMO-M3' 


VSS 
)0 
DO-D7 
and MO- M3' 


Notes: 


[1J DOthrough D7 pertain to the ~PD4242S6 and MOthrough M 3to the ~PD412S6. 


83YL-7249B 


NEe 


Ao -As 


CASa - CAS3 


DOa - 0035 


RASa, RAS:! 


WE 


GND 


Vee 


NC 


Function 


Address inputs 


Column 
address strobe 


Common 
data inputs/outputs 


Row address strobe 


Write enable 


Ground 


+ 5-volt power supply 


No connection 


Voltage on any pin relative to GND 


Operating 
temperature, 
TOPA 


Storage temperature, 
TSTG 


Short-circuit 
output 
current, los 


Power dissipation, 
Po 


-1.0 to + 7.0 V 


o to +70°C 


-55 to + 125°C 


50 mA 


t2W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding 
the ratings 
could 
cause 
perma- 


nent 
damage. 
The device 
should 
be operated 
within 
the 
limits 


specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Input voltage, 
high 
VIH 
2.4 
Vec + 
1.0 
V 


Input voltage, 
low 
VIL 
-1.0 
0.8 
V 


Supply voltage 
Vee 
4.75 
5.0 
5.25 
V 


Ambient 
temperature 
TA 
0 
70 
°C 
II 
Capacitance 
TA = 25°C; f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


C11 
88 
pF 
Ao- As 


CI2 
104 
pF 
WE 


CI3 
57 
pF 
RAS 


CI4 
36 
pF 
CAS 


Cil/COI 
17 
pF 
DOa - 007, 
DOg - 0016, D01S - 0025, 0027 - 0034 


CI2/C02 
22 
pF 
DOs, 0017, 0026, 0035 


Input 
capacitance 


InpuVoutput 
capacitance 


Ordering Information 


Part Number 
Row Access 
Time (max) 
R/W Cycle Time (min) 
Fast-Page 
Cycle (mln) 
Package 


MC424256A368-80 
80 ns 
160 ns 
70 ns 
72-pin socket-mountable 


8-85 
85 ns 
165 ns 
70 ns 
SIMM (solder plating) 


8-10 
100 ns 
200 ns 
1'00 ns 


MC424256A36F-80 
80 ns 
160 ns 
70 ns 
72-pin socket-mountable 


F-85 
85 ns 
165 ns 
70 ns 
SIMM (gold plating) 


F-l0 
100 ns 
200 ns 
100 ns 


MC-424256A36 
t'tfEC 


DC Characteristics 
TA = 0 to +70·C; vcc 
= +5.0 V ±5% 


Parameter 
Symbol 
Mln 
Max 
Unit 
Test Conditions 


Standby current 
ICC2 
36 
mA 
RAS = CAS" 
V1H(min) 


8 
mA 
RAS = CAS", 
Vcc-0.2V 


Input leakage current 
II(l) 
-120 
120 
JiA 
VIN = OVtoVCC; 
all other pins not under test = 0 V 


Output leakage current 
10(l) 
-10 
10 
JiA 
D~ 
to DQ3Sdisabled; VOUT= OV toVCC 


Output voltage, low 
VOL 
0.4 
V 
10l = 4.2 mA 


Output voltage, high 
VOH 
2.4 
V 
10H= -5 mA 


AC Characteristics 
TA= 
Oto+70·C;Vcc= 
+5.0V±5% 


-80 
-85 
-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Operating current, average 
ICCl 
960 
808 
680 
mA 
RAS and CAS cycling; 
tRC = tRC min; 
10 = 0 mA (Note 5) 


Operating current, RA8-only 
ICC3 
960 
808 
680 
mA 
RAS cycling; CAS", 
VIH; 


refresh cycle, average 
tRC = tRC min; 
10 = 0 mA (Note 5) 


Operating current, page mode 
ICC4 
916 
764 
660 
mA 
RAS s Vll; CAS cycling; 


cycle, average 
tpc = tpc min; 
10 = 0 mA (Note 5) 


Operating current, CAS before 
Iccs 
960 
808 
680 
mA 
RAS cycling; CAS before 


RAS refresh cycle, average 
RAS; tRC = tRC min; 
10 = 0 mA (Note 5) 


Column address hold time 
tAR 
55 
55 
65 
ns 
referenced to RAS 


Column address setup time 
tASC 
0 
0 
0 
ns 


Row address setup time 
tASR 
0 
0 
0 
ns 


Access time from CAS 
tCAC 
40 
40 
50 
ns 
(Notes 7, 9) 
(falling edge) 


Column address hold time 
tCAH 
20 
20 
20 
ns 


CAS pulse width 
tCAS 
40 
10,000 
40 
10,000 
50 
10,000 
ns 


CAS hold time for CAS before 
tCHR 
15 
15 
20 
ns 


RAS refresh cycle 


NEe 
MC·424256A36 


AC Characteristics 
(cont) 


-80 
·85 
·10 


Parameter 
Symbol 
Min 
Max 
Mln 
Max 
Min 
Max 
Unit 
Test Conditions 


CAS precharge time, page 
tcp 
20 
20 
40 
ns 


mode cycle 


CAS precharge time, nonpage 
tCPN 
25 
25 
25 
ns 
cycle 


CAS to RAS precharge 
time 
tCRP 
10 
10 
10 
ns 
(Note 12) 


CAS hold time 
tCSH 
80 
85 
100 
ns 


CAS setup time for CAS before 
tCSR 
10 
10 
10 
ns 
RAS refresh cycle 


Data-in hold time 
tOH 
20 
20 
25 
ns 
(Note 15) 


Data-in hold time referenced 
tOHR 
60 
65 
75 
ns 
to RAS 


Data-in setup time 
tos 
0 
0 
0 
ns 
(Note 15) 


Output 
buffer turnoff 
delay 
tOFF 
0 
20 
0 
20 
0 
25 
ns 
(Note 10) 


Page cycle time 
tpc 
70 
70 
100 
ns 
(Note 6) 


Access time from RAS 
tRAC 
80 
85 
100 
ns 
(Notes 7,8) 
II 


Row address hold time 
tRAH 
12 
12 
12 
ns 


RAS pulse width 
tRAS 
80 
10,000 
85 
10,000 
100 
10,000 
ns 


Random read or write 
cycle 
tRC 
160 
165 
200 
ns 
(Note 6) 
time 


RAS to CAS delay time 
tRCO 
20 
40 
25 
45 
25 
50 
ns 
(Note 11) 


Read command 
hold time 
tRCH 
0 
0 
0 
ns 
(Note 13) 
referenced to CAS 


Read command 
setup time 
tRCS 
0 
0 
0 
ns 


Refresh period 
tR~F 
8 
8 
8 
ms 
Addresses Ao - As 


RAS precharge time 
tRP 
70 
70 
90 
ns 


RAS precharge 
CAS hold time 
tRPC 
0 
0 
0 
ns 


Read command 
hold time 
tRRH 
10 
10 
10 
ns 
(Note 13) 
referenced to RAS 


RAS hold time 
tRSH 
40 
40 
50 
ns 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
3 
50 
ns 
(Note 3) 


AC Characteristics 
(cant) 


·80 
·85 
·10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Min 
Max 
Unit 
Test Conditions 


Write command 
hold time 
tWCH 
20 
20 
25 
ns 


Write command 
hold time 
tWCR 
60 
65 
75 
ns 
referenced to RAS 


Write command 
setup time 
twcs 
0 
0 
0 
ns 
(Note 16) 


Write command 
pulse width 
twP 
15 
15 
15 
ns 
(Note 14) 


Notes: 


(1) All voltages 
are referenced to GND. 


(2) An initial pause of 100 Jis is required after power-up, followed 
by 


any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 
achieved. 


(3) AC measurements 
assume tT = 5 ns. 


(4) VIH (min) and VIL (max) are reference levels for measuring 
the 
timing 
of input signals. Transition 
times are measured between 
VIH and VIL' 


(5) 
ICC1, Icca, ICC4, and Iccs depend on output 
loading and cycle 
rates. Specified 
values are obtained 
with the output open. Icca 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
ICC4 is measured assuming 
that all column address inputs are 
switched 
only once during 
each fast-page 
cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 
time at which 
proper operation 
over the full temperature 
range 
(fA = 0 to + 70°C) is assured. 


(7) 
Load = 2 TTL (-1 mA, +4 mAl loads and 100 pF (VOH= 2.0 V, 
VOL = 0.8V). 


(8) Assumes that tRCD s 
tRCD (max) and tRAD S tRAD (max). If 
tRCD or tRAD is greater than the maximum 
recommended 
value 
in this table, tRAC increases 
by the amount that tRCD or tRAD 
exceeds the value shown. 


(9) 
If tRAD ;;< tRAD (max), then the access time is defined 
by tAA' 


(10) tOFF (max) defines the time at which 
the output 
achieves the 


open-circuit 
condition 
an is not referenced to VOH or VOL' 


(11) Operation 
within 
the tRCD (max) limit assures that tRAC (max) 


can be met. tRCD (max) is specified 
as a reference point only; if 


tRCD is greater than tRCD (max), then access time is controlled 
exclusively 
by tCAC' 


(12) The tCRP requirement 
should be applicable 
for RAS/CAS cycles 


preceded 
by any cycle. 


(13) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(14) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. 
For early 
write 
operation, 


both twcs 
and tWCH must be met. 


(15) These parameters 
are referenced to the fal.!ir!9 edge of CAS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(16) twcs, 
tRWD, tCWD' and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-modify-write 
cycles only. ~twcs 
;;< twcs 


(min), the cycle is an early write 
cycle and the data output 
will 


remain open-circuit 
throughout 
the entire cycle. ~ tCWD ;;< tCWD 


(min), tRWD ;;< tRWD (min), and tAWD ;;< tAWD (min), the cycle is 
a read-write 
cycle and the data output 
will 
contain 
data 
read 


from the selected cell. If neither of the above conditions 
is met, 


the condition 
of the data output 
pin (at access time and until 
CAS returns to VIH) is indeterminate. 
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Timing Waveforms (cant) 
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Timing Waveforms (cant) 
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MC·424256A36BH/FH 


262,144 x 36·Bit 


Dynamic CMOS RAM Module 


Description 


The MC-424256A36BHjFH is a fast-page dynamic RAM 
module organized 
as 262,144 words by 36 bits and 


designed to operate from a single + 5-volt power sup- 
ply. Advanced CMOScircuitry ensures minimum power 
dissipation and excellent operating margins. 


The three-state output is controlled 
by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 1024 
address combinations of Aothrough As during a 16-ms 
period. 


Single Inline Memory Module (SIMMTN)packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. Each SIMM contains eight 262,144x 4-bit 
pPD424256s in SOJ packages, four 1,048,576 x 1-bit 
pPD421000s in SOJ packages, and twelve power supply 
decoupling 
capacitors 
for 
noise 
reduction. 
000 


through 0035 are common input/output 
pins. 


Features 


o 262,144-word by 36-bit organization 
o Single + 5-volt power supply 
o Fast-page cycles 
o Low power dissipation (126 mW max in standby) 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 1024refresh cycles every 16 ms 
o TTL-compatible 
inputs and outputs 


o 72-pin SIMM packaging 
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Voltage on any pin relative to GND 


Operating temperature. ToPR 


Storage temperature. TSTG 


Short-circuit 
output current, los 


Power dissipation, 
Po 


-1.010+7.0V 


010 +70'C 


-55 to + 125'C 


50 mA 


12W 


Ao-Aa 


CASo - CAS3 


000- 
0035 


RASo. RAS:! 


WE 


GNO 


Vcc 


NC 


Address inputs 


Column address strobe 


Common data inputs/outputs 


Row address strobe 


Write enable 


Ground 


+ 5-volt power supply 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliabiiity; 
exceeding the ratings could cause perma- 


nent damage. The device should 
be operated 
within 
the limits 
specified under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Input voltage, high 
VIH 
2.4 
Vcc + 1.0 
V 


Input voltage, low 
VIL 
-1.0 
0.8 
V 


Supply voltage 
VCC 
4.75 
5.0 
5.25 
V 


Ambient temperature 
TA 
0 
70 
'C 


Capacitance 
TA= 25'C; f = 1 MHz 


Parameter 
SymbOl 
Max 
Unit 
Pins Under Test 


Clt 
88 
pF 
Ao - Aa 


CI2 
104 
pF 
WE 


CI3 
57 
pF 
RAS 


C14 
36 
pF 
CAS 


Clt/C01 
17 
pF 
000 - 007. DOg - 0016, 001a - 00Z5. 00Z7 - 0034 


C12/CoZ 
22 
pF 
OOa. 0017• 00Z6' 0035 


Input 
capacitance 


InpuVoutput 
capaci tance 


Ordering Information 


Part Number 
Row Access Time (max) 
RIW Cycle Time (mln) 
Fast-Page Cycle (min) 
Package 


MG-424256A36BH-70 
70 ns 
130 ns 
45 ns 
72-pin socket-mountable 


BH-80 
80 ns 
160 ns 
50 ns 
(solder plating) 


BH-l0 
100 ns 
190 ns 
60 ns 


MG-424256A36FH-70 
70 ns 
130 ns 
45 ns 
72-pin socket-mountable 


FH-80 
80 ns 
160 ns 
50 ns 
(gold plating) 


FH-l0 
100 ns 
190 ns 
60 ns 


t-IEC 


008 


CAS1 


0°9 


0°10 


0°11 


0012 


-= 


0°13 


0°14 


0°15 


0016 


RAS2 


CAS2 


1/°1 
CAS 
RAS 
0018 
1/°1 
CAS 
RAS 


V02 
0°19 
V02 


V03 
00 
0°20 
V03 
01 
V04 
0°21 
V04 


OE 
OE 


VOl 
CAS 
RAS 
0°22 
VOl 
CAS 
RAS 


V02 
0°23 
V02 


V03 
02 
0°24 
1/°3 
03 
V04 
0025 
1/°4 


OE 
OE 
-= 


CAS 
CAS 


°IN/OOur 
0°26 
°INIDOur 


MO 
Ml 


CAS3 


VOl 
CAS 
RAS 
0°27 
VOl 
CAS 
RAS 


V02 
0°28 
V02 


V03 
04 
0°29 
V03 
05 
V04 
0°30 
1/°4 


OE 
OE 


VOl 
0°31 
VOl 
CAS 
RAS 


V02 
0°32 
V02 


V03 
06 
0°33 
V03 
07 
V04 
0°34 
V04 


DE 
OE 


CAS 
CAS 
RAS 


°INIDOUT 
0°35 
°IN/OOUT 


M2 
M3 


Address_ 
00-07andMO-M3' 


WE_ 
00-07 
and MO-M3' 


Notes: 


[lJ 00 through 07 pertain to the l1P0424256 
and MOthrough M 310 the l1P0421000. 


DC Characteristics 
TA= 
Oto+70°C;Vcc= 
+5.0V±5% 


Parameter 
Symbol 
Min 
Max 
Unit 
Test Conditions 


Standby current 
ICC2 
24 
mA 
RAS = CAS;" 
VIH (m!n) 


12 
mA 
RAS = CAS;" 
VCC - 0.2 V 


Input leakage current 
II(L) 
-120 
120 
IlA 
VIN = 
OVtoVCC; 


all other pins not under test = OV 


Output leakage current 
10(L) 
-10 
10 
IlA 
OCQto 0035 disabled; VOUT = o V to VCC 


Output voltage, low 
VOL 
0.4 
V 
10L = 4.2 mA 


Output voltage, high 
VOH 
2.4 
V 
IOH = -5 mA 


AC Characteristics 
TA = 0 to + 70°C; VCC = 
+5.0 V ±5% 


-70 
-80 
-10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Operating current, average 
ICC1 
960 
840 
720 
mA 
RAS and CAS cycling; 
tRC = tRC min; 
10 = 0 mA (Note 5) 


Operating current, RAS-only 
ICC3 
960 
840 
720 
mA 
RAS cycling; CAS;" 
VIH; 


refresh cycle, average 
tRC = tRC min; 
10 = 0 mA (Note 5) 


Operating current, fast-page 
ICC4 
840 
720 
600 
mA 
RAS :s VIL; CAS cycling; 


cycle, average 
tpc = tpc min; 
10 = 0 mA (Note 5) 


Operating current, CAS before 
ICC5 
960 
840 
720 
mA 
RAS cycling; CAS before 


RAS refresh cycle, average 
RAS; tRC = tRC min; 
10 = 0 mA (Note 5) 


Access time from column 
tAA 
35 
45 
55 
ns 
(Notes 7, 9) 
address 


Column address hold time 
tAR 
60 
60 
70 
ns 
referenced to RAS 


Access time from CAS 
tACP 
40 
45 
55 
ns 
(Notes 7, 9) 
precharge (rising edge) 


Column address setup time 
tASC 
0 
0 
0 
ns 


Row address setup time 
tASR 
0 
0 
0 
ns 


Access time from CAS (falling 
tCAC 
20 
20 
25 
ns 
(Notes 7, 9) 
edge) 


Column address hold time 
tCAH 
17 
20 
20 
ns 


CAS pulse width 
tCAS 
20 
10,000 
20 
10,000 
25 
10,000 
ns 


CAS hold time for CAS before 
tCHR 
15 
15 
20 
ns 
RAS refresh cycle 


CAS precharge time, fast-page 
tcp 
10 
20 
10 
20 
10 
25 
ns 
cycle 


CAS precharge time, nonpage 
tCPN 
10 
10 
10 
ns 
cycle 


CAS to RAS precharge time 
tCRP 
10 
10 
10 
ns 
(Note 12) 


CAS hold time 
tCSH 
70 
80 
100 
ns 


CAS setup time for CAS before 
tCSR 
10 
10 
10 
ns 
RAS refresh cycle 
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AC Characteristics 
(cant) 


-70 
-80 
-10 


Parameter 
Symbol 
Min 
Max 
Mln 
Max 
Min 
Max 
Unit 
Test Conditions 


Data-in hold time 
tOH 
15 
20 
20 
ns 
(Note 15) 


Data-in hold time referenced to 
tOHR 
60 
60 
70 
ns 
RAS 


Data-in setup time 
tos 
0 
0 
0 
ns 
(Note 15) 


Output 
buffer turnoff 
delay 
tOFF 
0 
15 
0 
20 
0 
25 
ns 
(Note 10) 


Fast-page cycle time 
tpc 
45 
50 
60 
ns 
(Note 6) 


Access time from RAS 
tRAC 
70 
80 
100 
ns 
(Notes 7, 8) 


RAS to column address delay 
tRAO 
15 
35 
17 
35 
17 
45 
ns 
(Note9) 
time 


Row address hold time 
tRAH 
10 
12 
12 
ns 


Column address lead time 
tRAL 
35 
45 
55 
ns 
referenced to RAS (rising 
edge) 


RAS pulse width 
tRAS 
70 
10,000 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, fast-page 
tRASP 
70 
100,000 
80 
100,000 
100 
100,000 
ns 
cycle 


Random read or write cycle time 
tRC 
130 
160 
190 
ns 
(Note6) 


RAS to CAS delay time 
tRCO 
20 
60 
25 
60 
25 
75 
ns 
(Note 11) 


Read command 
hold time 
tRCH 
0 
0 
0 
ns 
(Note 13) 
referenced to CAS 


Read command 
setup time 
tRCS 
0 
0 
0 
ns 


Refresh period 
tREF 
8 
8 
8 
ms 
Addresses Ao - As 


RAS precharge 
time 
tRP 
60 
70 
80 
ns 


RAS precharge 
CAS hold time 
tRPC 
10 
10 
10 
ns 


Read command 
hold time 
tRRH 
10 
10 
10 
ns 
(Note 13) 
referenced to RAS 


RAS hold time 
tRSH 
20 
20 
25 
ns 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
3 
50 
ns 
(Note 3) 


Write command 
hold time 
tWCH 
15 
15 
20 
ns 


Write command 
hold time 
!wCR 
55 
55 
70 
ns 
referenced to RAS 


Write command 
setup time 
twcs 
0 
0 
0 
ns 
(Note 16) 


WE hold time 
!wHR 
15 
15 
20 
ns 


Write command 
pulse width 
twP 
15 
15 
20 
ns 
(Note 14) 


NEe 


Notes: 


(1) All voltages 
are referenced to GND. 


(2) An initial pause of 100 J1sis required after power-up, followed 
by 


any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 
achieved. 


(3) AC measurements 
assume tT = 5 ns. 


(4) VIH (min) and VIL (max) are reference levels for measuring 
the 
timing 
of input signals. Transition 
times are measured between 
V1Hand V1L. 


(5) 
ICC1' ICC3' ICC4' and ICC5 depend on output 
loading and cycle 
rates. Specified 
values are obtained with the output open. ICC3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
ICC4 is measured 
assuming 
that all column address inputs 
are 


switched 
only once during 
each fast-page 
cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 
time at which 
proper operation 
over the full temperature 
range 
(TA = a to + 70°C) is assured. 


(7) 
Load = 2 TTL (-1 mA, +4 mAl loads and 100 pF (VOH= 2.0 V, 
VOL = 0.8 V). 


(8) Assumes that tRCD :S tRCD (max) and tRAD :S tRAD (max). If 


tRCD or tRAD is greater than the maximum 
recommended 
value 
in this table, tRAC increases by the amount that tRCD or tRAD 
exceeds the value shown. 


(9) 
If tRAD « tRAD (max), then the access time is defined 
by tAA' 


(10) tOFF (max) defines the time at which 
the output 
achieves 
the 


open-circuit 
condition 
an is not referenced to VOH or VOL' 


(11) Operation 
within 
the tRCD (max) limit assures that tRAC (max) 


can be met. tRCD (max) is specified 
as a reference point only; if 


tRCD is greater than tRCD (max). then access time is controlled 
exclusively 
by tCAC' 


(12) The tCRP requirement 
should be applicable 
for RAS/CAS cycles 


preceded 
by any cycle. 


(13) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(14) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. 
For early 
write 
operation, 


both twcs 
and tWCH must be met. 


(15) These parameters 
are referenced to the fal.!I!:>9edge of CAS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(16) twcs, 
tRWD, tCWD' and tAWD are restrictive 
operating 
parame- 


ters in read-write/read·modify-write 
cycles only. If twcs 
« twcs 


(min), the cycle is an early write cycle and the data output 
will 


remain open-circuit 
throughout 
the entire cycle. ~tCWD « tCWD 


(min), tRWD « tRWD (min), and tAWD « tAWD (min), the cycle is 
a read-write 
cycle and the data output 
will contain 
data 
read 


from the selected cell. If neither of the above conditions 
is met, 


the condition 
of the data output 
pin (at access time and until 


CAS returns to VIHl is indeterminate. 
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Timing Waveforms 
(cont) 


Early Write Cycle 
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Timing Waveforms 
(cant) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 


t-{EC 


Timing Waveforms (cant) 


RAS-Only Refresh Cycle 


Note: 


[1) WE~VIH' 
II 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 
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Timing Waveforms (cont) 
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MC-424512A36 
524,288 x 36-Bit 


Dynamic RAM Module 


Description 


The MC-424512A36 is a page mode dynamic 
RAM 


module organized 
as 524,288 words by 36 bits and 


designed to operate from a single + 5-volt power sup- 
ply. Advanced circuitry 
ensures minimum power dissi- 


pation and excellent operating margins. 


The three-state output is controlled 
by CAS indepen- 


dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Refreshing is accomplished 
by means of 


RAS-only refresh cycles, CAS before RAS refresh cy- 
cles, hidden refresh cycles, or by the 512 address 
combinations 
of Ao through As during an 8-ms period. 


Single Inline Memory Module (SIMM'") packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. Each SIMM contains sixteen 262,144x 4-bit 
pPD424256s in SOJ packages, eight 262,144 x 1-bit 
pPD41256s in PLCC packages, and 24 power supply 
decoupling 
capacitors 
for 
noise 
reduction. 
DOc 


through D035 are common input/output 
pins. 


Features 


o 524,288-word by 36-bit organization 
o Single + 5-volt power supply 
o Page mode operation 
o Low power dissipation 
(126 mW max in standby) 


o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 512 refresh cycles every 8 ms 
o TTL-compatible 
inputs and outputs 


o 72-pin SIMM packaging 


o 


o~ 


o~ 


o~ 


I 
o~ 
DD 
DD 


I 
o~ 


I 
o~ 


I 
o~ 


I 
o~ 
o 


c::J 
72 GNO 


25~I~"'1 
c::J 
99 No.1 
c::J 
68 
Note1 
c::J 
67 
Note1 


=66NC 
c::::J 
65 0016 
c::::J 
64 0034 
c::J 
63 0015 
c::J 
62 0033 
c:::J 
61 00,,, 
c::J 
60 0032 
c:::J 
59 Yec 
c:J 
58 0031 
c:J 57 00,3 
c::J 
56 0030 
c:::J 
55 00,2 
c::J 
54 0029 
c:::J 
53 00" 
c::J 
52 D02a 
c::J 
51 00,0 
c::J 
50 0027 


c:::J 
49 DO~ 
= ..NC 
c:::J 
47 WE 
= "Ill<... 
c:::J<t5~1 
c::::J '" ~o 
c::J 
43 ~1 
c:::J 
A2 ~3 
c::J 
41 CAS2 
c:J 
40 ~o 
c:::J 
39 GNO 
c::J 
38 0035 
c::J 37 00,7 


c::J 
36 OOs 


c::J 
35 ~ 


c:::J 
34 RAS2 
c::J 
33m3 


=32NC 
c:::J 
31 A" 
c:::J 
30 vec 
=20NC 
c:::J 
28 A7 
c::J 
27 0025 
c::J 
26 007 
c::J 
250024 


c:::J 
24 
DOG 
c::J 
23 0023 
c::J 
22 005 


c:::J 
21 D022 


c:::J 
20 D04 
c::J 
19 NC 


c:::J 
18 A6 
c::J 17As 
c:::J 
16 A" 
c::J 
15,43 


c::J 
t4 "2 
c::J 
13., 
c::J 
12 
Ao 
c:::J 
11 NC 


c:::J 
10 Vec 


c::::J 
9 
0021 
c:::J 
8 
003 
c:::J 
7 
0020 
c:::J 
6 
002 
c::J 
5 
0019 


c::J 
" 
D01 
c:::J 
3 
0018 


25 ~~8 


Pi". 
8On. 
85 ". 
100". 


67 
NC 
NC 
NC 


66 
GND 
GND 
GND 


69 
NC 
NC 
GND 


70 
GND 
GND 
GND 


MC-424512A36 
NEe 


Block Diagram 
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DIN!OOUT 
MO 


CAS1 


OOg 
VO, 
CAS 
RAS 
0010 
V02 
00" 
1/03 
0, 
0012 
va' 
CE 


00'3 
va, 
CAS 
RAS 


00" 
V02 
00'5 
1/03 
07 
00'6 
va' 
CE 


-= 


CAS 
RAS 
0017 
DINfDovr 
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Symbol 
Max 
Unit 
Pins Under Test 


CI1 
161 
pF 
~throughAs 


CI2 
193 
pF 
WE 


Cia 
62 
pF 
RAS 


CI4 
62 
pF 
CAS 


CI1/C01 
29 
pF 
000 - DO], DOg - 0016, 001S - 0025, 0027 - 0034 


CI2/C02 
39 
pF 
DOs, 0017, 0026, 00a5 


~-AS 


CASo- 
CASa 


000- 
00a5 


RASo - RASa 


WE 


GND 


Vcc 


NC 


Address inputs 


Column address s1robe 


Common 
data inpu1s/outputs 


Row address st robe 


Wri1e enable 


Ground 


+ 5-volt power supply 


No connection 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Input voltage, 
high 
VIH 
2.4 
Vcc 
+ 
1.0 
V 


Input voltage, 
low 
Vil 
-1.0 
0.8 
V 


Supply voltage 
Vcc 
4.75 
5.0 
5.25 
V 


Ambient 
temperature 
TA 
0 
70 
°C 


Capacitance 
TA = 25°C; f = 1 MHz 


Parameter 


Input 
capacitance 


Input/output 
capacitance 


Voltage on any pin relative to GNO 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output 
current, los 


Power dissipation, 
Po 


-1.0to+7.0V 


o to + 70°C 


-55 to + 125°C 


50 mA 


24W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device 
reliability; 
exceeding 
the ratings 
could 
cause perma- 


nent 
damage. 
The device 
should 
be operated 
within 
the 
limits 


specified 
under DC and AC Characteristics. 


Ordering Information 


Part Number 
Row Access 
Time (max) 
RIW Cycle Time (min) 
Fast-Page 
Cycle (min) 
Package 


MC424512A366-80 
80 ns 
160 ns 
70 ns 
72-pin socket-mountable 


6-85 
85 ns 
165 ns 
70 ns 
SIMM (solder plating) 


6-10 
100 ns 
200 ns 
100 ns 


MC424512A36F-80 
80 ns 
160 ns 
70 ns 
72-p in socket-mountable 


F-85 
85 ns 
165 ns 
70 ns 
SIMM (gold plating) 


F-10 
100 ns 
200 ns 
100 ns 


MC-424512A36 
NEe 


DC Characteristics 
TA = 0 to + 70°C; VCC = +5.0 V ±5% 


Parameter 
Symbol 
Mln 
Max 
Unit 
Test Conditions 


Standby 
current 
ICC2 
72 
mA 
RAS = CAS 2: VIH (min) 


16 
mA 
RAS = CAS 2: Vcc-0.2V 


Input leakage current 
II(L) 
-240 
240 
/lA 
VIN = 0 V to VCC; 
all other pins not under test = 0 V 


Output 
leakage current 
10(L) 
-10 
10 
/lA 
D~ 
to D035 disabled; Your = o V to Vcc 


Output 
voltage, 
low 
VOL 
0.4 
V 
10L = 4.2 mA 


Output 
voltage, 
high 
VOH 
2.4 
V 
10H = -5 mA 


AC Characteristics 
TA = 0 to + 70°C; VCC = +5.0 V ±5% 


-80 
-85 
-10 


Parameter 
Symbol 
Min 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Operating 
current, 
average 
ICC1 
1024 
872 
744 
mA 
RAS and CAS cycling; 
tRC = tRC min; 
10 = 0 mA (Note 5) 


Operating 
current, 
RA8-only 
ICC3 
1024 
872 
744 
mA 
RAS cycling; 
CAS 2: VIH; 


refresh cycle, average 
tRC = tRC min; 
10 = 0 mA (Note 5) 


Operating 
current, 
page mode 
ICC4 
996 
828 
724 
mA 
RAS s V1L;CAS cycling; 
cycle, average 
tpc = tpc min; 
10 = 0 mA (Note 5) 


Operating 
current, 
CAS before 
ICC5 
1024 
872 
744 
mA 
RAS cycling; 
CAS before 


RAS refresh cycle, average 
RAS; tRC = tRC min; 
10 = 0 mA (Note 5) 


Column address hold time 
tAR 
55 
55 
65 
ns 
referenced to RAS 


Column address setup time 
tASC 
0 
0 
0 
ns 


Row address setup time 
tASR 
0 
0 
0 
ns 


Access time from CAS (falling 
tCAC 
40 
40 
50 
ns 
(Notes 7,9) 
edge) 


Column address hold time 
tCAH 
20 
20 
20 
ns 


CAS pulse width 
tCAS 
40 
10,000 
40 
10,000 
50 
10,000 
ns 


CAS hold time for CAS before 
tCHR 
15 
15 
20 
ns 
RAS refresh cycle 


CAS precharge 
time, page cycle 
tcp 
20 
20 
40 
ns 


CAS precharge time, nonpage 
tCPN 
25 
25 
25 
ns 


cycle 


NEe 
MC·424512A36 


AC Characteristics 
(cent) 


·80 
-85 
·10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


CAS to RAS precharge time 
tCAP 
10 
10 
10 
ns 
(Note 12) 


CAS hold time 
tCSH 
80 
85 
100 
ns 


CAS setup time for CAS before 
tCSR 
10 
10 
10 
ns 


RAS refresh cycle 


Data-in hold time 
tDH 
20 
20 
25 
ns 
(Note 15) 


Data-in hold time referenced to 
tDHA 
60 
65 
75 
ns 


RAS 


Data-In setup time 
tDs 
0 
0 
0 
ns 
(Note 15) 


Output 
buffer turnoff 
delay 
tOFF 
0 
20 
0 
20 
0 
25 
ns 
(Note 10) 


Page cycle time 
tpc 
70 
70 
100 
ns 
(Note 6) 


Access time from RAS 
tRAC 
80 
85 
100 
ns 
(Notes 7, 8) 


Row address hold time 
tRAH 
12 
12 
12 
ns 


RAS pulse width 
tAAS 
80 
10,000 
85 
10,000 
100 
10,000 
ns 


Random read or write cycle 
tRC 
160 
165 
200 
ns 
(Note 6) 


time 
II 


RAS to CAS delay time 
tRCD 
20 
40 
25 
45 
25 
50 
ns 
(Note 11) 


Read command 
hold time 
tRCH 
0 
0 
0 
ns 
(Note 13) 
referenced to CAS 


Read command 
setup time 
tRCS 
0 
0 
0 
ns 


Refresh period 
tREF 
8 
8 
8 
ms 
Addresses Ao - Aa 


RAS precharge time 
tRP 
70 
70 
90 
ns 


RAS precharge 
CAS hold time 
tRPC 
0 
0 
0 
ns 


Read command 
hold time 
tRRH 
10 
10 
10 
ns 
(Note 13) 
referenced to RAS 


RAS hold time 
tRSH 
40 
40 
50 
ns 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
3 
50 
ns 
(Note 3) 


Write command 
hold time 
tWCH 
20 
20 
25 
ns 


NEe 


AC Characteristics 
(cant) 


-80 
-85 
-10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Write command hold time 
tWCA 
60 
65 
75 
ns 


referenced to RAS 


Write command setup time 
twcs 
0 
0 
0 
ns 
(Note 16) 


Write command pulse width 
twP 
15 
15 
15 
ns 
(Note 14) 


Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100/.Isis required after power-up, followed by 
any 
eight 
RAS cycles, 
before 
proper 
device 
operation 
is 


achieved. 


(3) AC measurements assume tT = 5 ns. 


(4) VIH (min) and VIL (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
VIH and V1L· 


(5) ICC1, Iccs, ICC4' and ICC5 depend on output loading and cycle 
rates. Specified values are obtained with the output open. Iccs 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
ICC4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(6) The minimum specifications 
are used only to indicate the cycle 
time at which proper operation over the full temperature 
range 
(TA= 0 to + 70°C) is assured. 


(7) Load = 2TTL 
(-1 mA, +4 mAl loads and 100 pF (VOH= 2.0V, 
VOL = 0.8 V). 


(8) Assumes that tACO :s; tACO (max) and tAAD :s; tAAD (max). If 
tACOor tAAD is greater than the maximum recommended value 
in this table, tAAC increases by the amount that tACO or tAAD 
exceeds the value shown. 


(9) If tAAD :?: tAAD (max), then the access time is defined by tAA. 


(10) tOFF (max) defines the time at which the output achieves the 


open-circuit condition an is not referenced to VOH or VOL. 


(11) Operation within the tACO (max) limit assures that tAAC (max) 


can be met. tACO (max) is specified as a reference point only; if 
tACO is greater than tACO (max), then access time is controlled 
exclusively by t CAC' 


(12) The tCAP requirement should be applicabie for RAS/CAS cycles 
preceded by any cycle. 


(13) Either tAAH or tACH must be satisfied for a read cycle. 


(14) Parameter twP is applicable for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. For early write 
operation, 


both twcs 
and tWCH must be met. 


(15) These parameters are referenced to the fal.!l!!g edge of CAS for 
early write cycles and to the falling edge of WE for delayed write 
or read-modify-write 
cycles. 


(16) twcs, 
tRWD,tCWD, and tAWDare restrictive 
operating 
parame- 


ters in read-write/read-modify-write 
cycles only. If twcs 
:?: twcs 


(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. If tCWD :?: tCWD 
(min), tRWD :?: tRWD (mi(1),and tAWD :?: tAWD (min), the cycle is 
a read-write cycle and the data output will contain data read 
from the selected cell. If neither of the above conditions 
is met, 


the condition 
of the data output pin (at access time and until 
CAS returns to VIH) is indeterminate. 


NEe 


Timing Waveforms 


Read Cycle 


I 
I 
tCSH 
I 


I 
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Read 
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II 


Timing Waveforms (cant) 


Early Write Cycle 


RAS 
'AAi 
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Ie 
I 
tRSH 
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I 
ICAS 


I 
CAS 
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NEe 


Timing Waveforms (cont) 


Page Mode Read Cycle 


II 


ttiEC 


Timing Waveforms (cont) 


Page Early Write Cycle 


NEe 


Timing Waveforms (cont) 


RA5-0nly Refresh Cycle 


Note: 


[1] 
WE~VIH' 


'~'b- 


II 


NEe 


Timing Waveforms (cont) 


Hidden Refresh Cycle 
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NEe Electronics Inc. 


MC·424512A36BHjFH 


524,288 x 36·Bit 


Dynamic CMOS RAM Module 


Description 


The MC-42512A36BH/FH is a fast-page dynamic RAM 
module organized as 524,288 words by 36 bits and 
designed to operate from a single + 5-volt power sup- 
ply. Advanced CMOS circuitry ensures minimum power 
dissipation and excellent operating margins. 


The three-state output is controlled 
by CAS indepen- 


dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 512 
address combinations 
of Ao through Aa during a 8-ms 


period. 


Single Inline Memory Module (SIMM'") packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. Each SIMM contains sixteen 262,144x 4-bit 
j.lPD424256s in SOJ packages, eight 1,048,576x 1-bit 
j.lPD421000sin SOJ packages, and twenty-four power 
supply decoupling capacitors for noise reduction. DOc 
through 0035 are common input/output 
pins. 


Features 


o 524,288-word by 36-bit organization 
o Single + 5-volt power supply 
o Fast-page cycles 
o Low power dissipation (252 mW max in standby) 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 512 refresh cycles every 8 ms 
o TTL-compatible inputs and outputs 
o 72-pin SIMM packaging 
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c=J71 
NC 
= 7°INOIo'1 
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c:J 
68 
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Pins 
7lJ na 
80 na 
100 no 
67 
NC 
NC 
NC 


68 
GND 
GND 
GND 


69 
NC 
NC 
GND 


70 
GND 
GND 
GND 


II 


Block Diagram 


RASo 
RAS, 
CASO 


000 
liD, 
CAS 
RAS 
VO, 
CAS 
RAS 
00, 
V02 
V02 
002 
V03 
DO 
V03 
0, 
003 
VO, 
VO, 
OE 
OE 


00, 
liD, 
CAS 
RAS 
1/01 
CAS 
RAS 
DOS 
1/02 
1/02 
006 
1103 
03 
1103 
02 
007 
liD, 
liD, 
OE 
OE 


CAS 
RAS 
OOs 
DINlDour 
MO 


CAS, 


009 
liD, 
CAS 
RAS 
0010 
1102 
00" 
1103 
0, 
05 
00'2 
liD, 
OE 


00'3 
VO, 
CAS 
RAS 
CAS 
RAS 
00" 
V02 
00'5 
V03 
07 
06 
00'6 
liD, 
OE 


CAS 
RAS 
0017 
DINlOovr 
M2 


RAS2 
RAS3 
CAS2 


OO,s 
liD, 
CAS 
RAS 
liD, 
CAS 
00'9 
1/02 
1102 
0020 
1103 
Os 
1/03 
09 
002' 
1/04 
I/O, 
OE 
OE 


0022 
liD, 
CAS 
RAS 
liD, 
CAS 
RAS 
0023 
V02 
V02 


002' 
V03 
0" 
V03 
010 
0025 
liD, 
VO, 
OE 
OE 


CAS 
RAS 
0026 
DIN/Dour 
M, 


CAS3 


0027 
liD, 
CAS 
RAS 
002S 
1102 
0029 
V03 
0'2 
0030 
liD, 
OE 


003' 
I/O, 
CAS 
RAS 
0032 
V02 
0033 
1103 
D,S 
0034 
liD, 
OE 


CAS 
RAS 
CAS 
RAS 
0035 
DINlOour 
M6 
DINlDour 
M7 


AD-As ------.. 
00- 
D's. Mo- M7 
00- 
D's: 
"PD424256LA 


WE ------.. 
00- 
015. MO- M7 
Mo- M7: 
"PD42' OOOLA 


Vcc 
I 
::L 
.• 
00-O'5.Mo-M7 


VSS 
T CO-C23)1 
00- 
D,s. MO- M7 


BJRD-7337B 


NEe 


Absolute Maximum Ratings 


Voltage on any pin relative to GNO 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output 
current, los 


Power dissipation, 
Po 


-1.0 to +7.0 V 


a to + 70'C 


-55 to + 125'C 


50 mA 


24W 


Function 


Address inputs 


Column address strobe 


Common 
data inputs/outputs 


Row address st robe 


Write enable 


Ground 


+ 5-volt power supply 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 
affect device 
reliability; 
exceeding 
the ratings 
could 
cause 
perma- 


nent 
damage. 
The device 
should 
be operated 
within 
the 
limits 
specified 
under DC and AC Characteristics. 


A" - As 


CASo- 
CAS3 


000 - 0035 


RASo - RAS3 


WE 


GNO 


Vcc 


NC 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input voltage, 
high 
VIH 
2.4 
Vcc 
+ 
1.0 
V 


Input voltage, 
low 
V1L 
-1.0 
0.8 
V 


Supply voltage 
Vcc 
4.75 
5.0 
5.25 
V 


Ambient 
temperature 
TA 
a 
70'C 


Capacitance 
TA = 25'C; f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


Cll 
161 
pF 
A" - Ag 


CI2 
193 
pF 
WE 


CI3 
62 
pF 
RAS 


C14 
62 
pF 
CAS 


Cll/COl 
29 
pF 
000 - DO], DOg - 0016, 001S - 0025, 0027 - 0034 


CI2/C02 
39 
pF 
DOs. 0017. 0026. 0035 


Input 
capacitance 


InpuVoutput 
capacitance 


Ordering Information 


Part Number 
Row Access 
Time (max) 
RIW Cycle Time (mln) 
Fast-Page 
Cycle (mln) 
Package 


MC424512A36BH-70 
70 ns 
130 ns 
45 ns 
72-pin socket-mountable 


BH..8Q 
80 ns 
160 ns 
50 ns 
SIMM (solder plating) 


BH-l0 
100 ns 
190 ns 
60 ns 


MC424512A36FH-70 
70 ns 
130 ns 
45 ns 
72-pin socket-mountable 


FH-80 
80 ns 
160 ns 
50 ns 
SIMM (gold plating) 


FH-l0 
100 ns 
190 ns 
60 ns 


II 


MC·424512A36BH/FH 
t-IEC 


DC Characteristics 
TA = 0 to + 70°C; VCC = +5.0 V ±5% 


Parameter 
Symbol 
Mln 
Max 
Unit 
Test Conditions 


Standby 
current 
ICC2 
24 
mA 
RAS = CAS 2: VIH (min) 


t2 
mA 
RAS = CAS 2: Vcc-0.2V 


Input leakage current 
II(L) 
-240 
240 
pA 
VIN = OVtoVCC; 
all other pins not under test = 0 V 


Output 
leakage current 
10(L) 
-10 
10 
pA 
D~ 
to D035 disabled; 
VOUT = 0 V to VCC 


Output 
voltage, 
low 
VOL 
0.4 
V 
tOL = 4.2 mA 


Oulpul 
voltage, 
high 
VOH 
2.4 
V 
10H = -5 mA 


AC Characteristics 
TA = 0 to + 70°C; VCC = +5.0 V ±5% 


·70 
-80 
-10 


Parameter 
Symbol 
Mln 
Max 
Min 
Max 
Mln 
Max 
Unit 
Test Conditions 


Operating 
current, average 
ICCt 
1040 
910 
780 
mA 
RAS and CAS cycling; 
tRC = tRC min; 
10 = 0 mA (Note 5) 


Operating 
current, 
RAS-only 
ICC3 
1040 
910 
780 
mA 
RAS cycling; CAS 2: VIH; 


refresh cycle, average 
tRC = tRC min; 
10 = 0 mA (Note 5) 


Operating 
current, fast-page 
ICC4 
910 
780 
650 
mA 
RAS s 
V1L;CAS cycling; 


cycle, average 
tpc = tpc min; 
10 = 0 mA (Note 5) 


Operating 
current, CAS before 
ICC5 
1040 
910 
780 
mA 
RAS cycling; CAS before 


RAS refresh cycle, average 
RAS; tRC = tRC min; 
10 = 0 mA (Note 5) 


Access time from column 
tAA 
35 
45 
55 
ns 
(Notes 7, 9) 


address 


Column address hold time 
tAR 
60 
60 
70 
ns 


referenced to RAS 


Access time from CAS 
tACP 
40 
45 
55 
ns 
(Notes 7, 9) 
precharge 
(rising edge) 


Column address setup time 
tASC 
0 
0 
0 
ns 


Row address setup time 
tASR 
0 
0 
0 
ns 


Access time from CAS (falling 
tCAC 
20 
20 
25 
ns 
(Notes 7, 9) 
edge) 


Column address hold time 
tCAH 
17 
20 
20 
ns 


CAS pulse width 
tCAS 
20 
10,000 
20 
10,000 
25 
10,000 
ns 


CAS hold time for CAS before 
tCHR 
15 
15 
20 
ns 
RAS refresh cycle 


CAS precharge 
time, fast-page 
tcp 
10 
20 
10 
20 
10 
25 
ns 
cycle 


AC Characteristics 
(cant) 


-70 
-80 
-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


CAS precharge 
time, nonpage 
tCPN 
10 
10 
10 
ns 
cycle 


CAS to RAS precharge 
time 
tCRP 
10 
10 
10 
ns 
(Note 12) 


CAS hold time 
tCSH 
70 
80 
100 
ns 


CAS setup time for CAS before 
tCSR 
10 
10 
10 
ns 
RAS refresh cycle 


Data-in hold time 
tOH 
15 
20 
20 
ns 
(Note 15) 


Data-in hold time referenced to 
tOHR 
60 
60 
70 
ns 
RAS 


Data-in setup time 
tos 
0 
0 
0 
ns 
(Note 15) 


Output 
buffer turnoff 
delay 
tOFF 
0 
15 
0 
20 
0 
25 
ns 
(Note 10) 


Fast-page cycle time 
tpc 
45 
50 
60 
ns 
(Note 6) 


Access time from RAS 
tRAC 
70 
80 
100 
ns 
(Notes 7,8) 


RAS to column address delay 
tRAO 
15 
35 
17 
35 
17 
45 
ns 
(Note 9) 
time 
II 


Row address hold time 
tRAH 
10 
12 
12 
ns 


Column address lead time 
tRAL 
35 
45 
55 
ns 
referenced to RAS (rising edge) 


RAS pulse width 
tRAS 
70 
10,000 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, fast-page 
tRASP 
70 
100,000 
80 
100,000 
100 
100,000 
ns 
cycle 


Random read or write cycle 
tRC 
130 
160 
190 
ns 
(Note 6) 
time 


RAS to CAS delay time 
tRCO 
20 
60 
25 
60 
25 
75 
ns 
(Note 11) 


Read command 
hold time 
tRCH 
0 
0 
0 
ns 
(Note 13) 
referenced 10 CAS 


Read command 
setup time 
tRCS 
0 
0 
0 
ns 


Refresh period 
tREF 
8 
8 
8 
ms 
Addresses AO - As 


RAS precharge time 
tRP 
60 
70 
80 
ns 


RAS precharge 
CAS hold time 
tRPC 
10 
10 
10 
ns 


Read command 
hold time 
tRRH 
10 
10 
10 
ns 
(Note 13) 
referenced to RAS 


RAS hold time 
tRSH 
20 
20 
25 
ns 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
3 
50 
ns 
(Note 3) 


tttlEC 


AC Characteristics 
(cant) 


-70 
-80 
-10 


Parameter 
Symbol 
Mln 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Write command hold time 
tWCH 
15 
15 
20 
ns 


Write command hold time 
twCR 
55 
55 
70 
ns 
referenced to RAS 


Write command setup time 
twcs 
a 
a 
a 
ns 
(Note 16) 


Write command pulse width 
twP 
15 
15 
20 
ns 
(Note 14) 


Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100/ls is required after power-up, followed by 


any 
eight 
RAS cycles, 
before 
proper 
device 
operation 
is 


achieved. 


(3) AC measurements assume tT = 5 ns. 


(4) VIH (min) and VIL (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
V1Hand V1L. 


(5) ICC1, Icca, ICC4' and ICC5 depend on output loading and cycle 
rates. Specified values are obtained with the output open. Icca 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
ICC4 is measured assuming that all column address inputs are 
switched 
only once during each fast-page cycle. 


(6) The minimum specifications 
are used only to indicate the cycle 
time at which proper operation over the full temperature 
range 
(TA= a to + 70°C) is assured. 


(7) Load = 2 TTL (-1 mA, +4 mAl loads and 100 pF (VOH= 2.0V, 
VOL = 0.8 V). 


(8) Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If 
tRCD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRCD or tRAD 
exceeds the value shown. 


(9) ~ tRAD ~ tRAD (max), then the access time is defined by tAA' 


(10) tOFF (max) defines the time at which the output achieves the 


open-circuit condition 
an is not referenced to VOHor VOL' 


(11) Operation within the tRCD (max) limit assures that tRAC (max) 


can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than tRCD (max), then access time is controlled 
exclusively by tCAC' 


(12) The tCRP requirement should be applicable for RAS/CAS cycles 


preceded by any cycle. 


(13) Either tRRH or tRCH must be satisfied for a read cycle. 


(14) Parameter twP is applicable for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. For early write 
operation, 


both twcs 
and tWCH must be met. 


(15) These parameters are referenced to the fal.!.i!!gedge of CAS for 


early write cycles and to the falling edge of WE for delayed write 
or read-modify-write 
cycles. 


(16) twcs, 
tAWD' tCWD, and tAWDare restrictive operating parame- 


ters in read-write/read-modify-write 
cycles only. ~twcs 
~ twcs 


(min), the cycle is an early write cycle and the data output will 
remain open-circuit throughout the entire cycle. ~tCWD ~ tCWD 
(min), tRWD ~ tRWD (min), and tAWD ~ tAWD(min), the cycle is 
a read-write cycle and the data output will contain data read 
from the selected cell. If neither of the above conditions 
is met, 


the condition 
of the data output pin (at access time and until 


CAS returns to VIH) is indeterminate. 


NEe 


Timing Waveforms 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms 
(cant) 


RA5-0nly Refresh Cycle 


tAC 


tRAS 
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\ 


ICAP_ 
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Note: 


[1) WE~VIH. 
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Timing Waveforms 
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MC·421000A36 


1,048,576 x 36·Bit 


Dynamic CMOS RAM Module 


Description 


The MC-421000A36is a fast-page dynamic RAMmodule 
organized as 1,048,576words by 36 bits and designed 
to operate from a single + 5-volt power supply. Ad- 
vanced CMOS circuitry 
ensures minimum power dissi- 
pation and excellent operating margins. 


The three-state output is controlled 
by CAS indepen- 


dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. Refreshing is accomplished 
by means of RAS-only refresh cycles, CAS before RAS 
refresh cycles, hidden refresh cycles, or by the 1024 
address combinations 
of Ao through Ag during a 16-ms 


period. 


Single Inline Memory Module (SIMMTM)packaging en- 
hances reliability and reduces the size, weight and cost 
of a system. Each SIMM contains eight 1,048,576x 4-bit 
pPD424400s in SOJ packages, four 1,048,576 x 1-bit 
pPD421000s in SOJ packages, and twelve power supply 
decoupling 
capacitors 
for 
noise 
reduction. 
DOc 


through D035 are common input/output 
pins. 


Features 


o 1,048,576-word by 36-bit organization 
o Single + 5 V power supply 
o Fast-page option 
o Low power dissipation 
o RAS-only refresh cycles 
o CAS before RAS refresh cycles 
o Hidden refresh cycles 
o 1024refresh cycles every 16 ms 
o TTL-compatible 
inputs and outputs 


o 72-pin SIMM packaging 


Pin Configuration 


72-PinSIMM 


01 
Dl 
01 I 
01 


CJ 
72 GND 
§~~ 
I~::~I 
c:::J 
68 
Not., 


o~ 
= 67 
No,. 1 
=66"" 
CJ 
65 00,6 
c:::J 
~ 
0034 
c:J 63 00,5 
c::::J 
62 0033 
c:::J61DOU 
c::J 
60 0032 
CJ 59vec 


o~ = 58 D031 
c:::J 
57 00,3 
c::J 
56 0030 
c:::J 
55 00,2 
CJ 
54 0029 
c:::J 
53 0011 
CJ 520028 
c::::J 
51 00,0 
o~ = 50 D027 
c:::J 
49 DOg 
c::J 
48 
NC 
c::::J 
H WE 
c::J 
46 
NC 
CJ 45 NC 
c::::J44~o 
c::J 
43 ~l 


~ 


c:::J 
42~3 
o = 41 
CAS2 
c::J 40 ~o 
c::J 
39 
GND 
c:J 
38 0035 
c::J 
37 00,7 


o~ 


01] 


01] 


o~ 


II 


CJ 
36 D08 
c::::J 
35 D02& 
= 
34 
RAS 
c::J 
33 NC 2 
c:::J 
32 Ai 
c::::J 
31 AS 
CJ 
30 Vcc 
=29"" 
c::::J 
28047 
c:::J 
270025 
= 
26 
D07 
c::J 
25 
0<>2.- 
c::J 
24 D06 


CJ 
230023 
= 22 DOs 
c:::J 
21 0022 
c::J 
20 DO.• 
c::J 
19 
NO 
c::J 
18 A6 
CJ 
17AS 
c:::J 
16 
A .• 
c:::J 
1S 
A3 
c:::J 
14042 
c::J 
13041 
c:::J 
12040 
c:J 
11 
NC 
8 :O~, 
c::J 
8 
003 
CJ 
7 
0020 
c:::J 
6 
002 
CJ 
5 
0019 
=400, 
c:::J 
3 
0018 
8 ~~8 


P;na 
70 na 
SOns 
,OOns 


67 
GND 
GND 
GND 


68 
GND 
GND 
GND 


69 
NC 
NC 
GND 


70 
GND 
GND 
GND 


MC·421000A36 
NEe 


Block Diagram 


RASo 
RAS2 


CASo 
CAS2 


DOo 
VOl 
CAS 
RAS 
D018 
1/°1 
CAS 
RAS 


DOl 
V02 
D019 
1/°2 
D02 
V03 
DO 
D020 
1/°3 
Dl 


D03 
V04 
D021 
1/°4 


DE 
DE 


-= 
-= 


D04 
1/°1 
CAS 
RAS 
D022 
110, 
CAS 
RAS 


DOs 
1/°2 
D023 
1/°2 
D06 
1/°3 
D2 
D024 
1/°3 
D3 
D07 
1/°4 
D02S 
1/°4 


OE 
OE 
-= 
-= 


CAS 
RAS 
CAS 
RAS 


D08 
DIN/DOUT 
D026 
DIN/DOUT 


Mo 
Ml 


CASl 
CAS3 


D09 
11O, 
CAS 
RAS 
D027 
1/°1 
CAS 
RAS 


DOlO 
1/°2 
D028 
1/°2 
DOll 
1/°3 
D4 
D029 
1/°3 
Ds 
D012 
1/°4 
D030 
1/°4 


OE 
OE 
-= 
-= 


D013 
VOl 
D031 
1/°1 
D014 
1/°2 
D032 
1/°2 
DOlS 
1/°3 
D6 
D033 
1/°3 
D7 
D016 
1/°4 
D034 
1/°4 


DE 
DE 


CAS 
RAS 
CAS 
RAS 
D017 
DIN/DOUT 
D03S 
DIN/DOUT 


M2 
M3 


Address _ 
DO-D7 
and MO- M3' 


WE_ 
DO-D7 
and MO-M3' 


VCC * CO-Cl1 
~ DO- D7 and MO- M3' 


VSS 
~ DO- D7 and MO- M3' 


Notes: 


[1J DOthrough D7 pertain to the flPD424400 and M 0 through M 3to the flPD421 000. 


83YL·72428 
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Absolute Maximum Ratings 


Voltage on any pin relative to GNO 


Operating temperature, TOPA 


Storage temperature, TSTG 


Short-circuit 
output current, los 


Power dissipation, 
PD 


-1.0to+7.0V 


o to + 70°C 


-55 to + 125°C 


50 mA 


12W 


Ao -Ag 


CASo- CAS3 


000- 
0035 
RASo-~ 


WE 


GNO 


Vcc 


NC 


Address inputs 


Column address strobe 


Common data inputs/outputs 


Row address strobe 


Write enable 


Ground 


+ 5-volt power supply 


No connection 


Exposure to Absolute Maximum Ratings for extended periods may 
affect device reliability; 
exceeding the ratings could cause perma- 


nent damage. The device 
should 
be operated 
within 
the 
limits 


specified under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input voltage, high 
VIH 
2.4 
Vcc + 1.0 
V 


Input voltage, low 
VIL 
-1.0 
0.8 
V 


Supply voltage 
Vcc 
4.75 
5.0 
5.25 
V 


Ambient temperature 
TA 
0 
70 
°C 


Capacitance 
TA = 25°C; f = 1 MHz 


Parameter 


Input 
capacitance 


Symbol 
Max 
Unit 
Pins Under Test 


Cll 
88 
pF 
Ao-Ag 


CI2 
104 
pF 
WE 


CI3 
57 
pF 
RAS 


CI4 
36 
pF 
CAS 


CIO/COO 
17 
pF 
000 - DOT, DOg - 0016, 0018 - 0025. 0027 - 0034 


C1iC02 
22 
pF 
008. 0017. 0026. 0035 


InpUt/output 
capacitance 


Part Number 


MC421000A36BH-70 


BH-80 


BH-l0 


MC421000A36FH-70 


FH-80 


FH-l0 


Row Access Time (max) 


70 ns 


80 ns 


100 ns 


70 ns 


80 ns 


100 ns 


RIW Cycle Time (min) 
Fast-Page Cycle (mln) 


140 ns 
45 ns 


160 ns 
50 ns 


190 ns 
60 ns 


140 ns 
45 ns 


160 ns 
50 ns 


190 ns 
60 ns 


Package 


72-pin socket-mountable 
SIMM (solder plating) 


72-pin socket-mountable 
SIMM (gold plating) 


MC-421000A36 
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DC Characteristics 
TA = 0 to + 70°C; VCC = +5.0 V ±5% 


Parameter 
Symbol 
Mln 
Max 
Unit 
Test Conditions 


Standby 
current 
ICC2 
24 
mA 
RAS = CAS 2: VIH (min) 


12 
mA 
RAS = CAS 2: VCC - 0.2 V 


Input leakage current 
II(L) 
-120 
120 
pA 
VIN = OVtoVCC; 
all other pins not under test = 0 V 


Output 
leakage current 
10(L) 
-10 
10 
pA 
O~ 
to OQ35 disabled; 
VOUT = 0 V to VCC 


Output 
voltage, 
low 
VOL 
0.4 
V 
10L = 4.2 mA 


Output 
voltage, 
high 
VOH 
2.4 
V 
10H = -5 mA 


AC Characteristics 
TA = 0 to + 70°C; VCC = +5.0 V ±5% 


-70 
-80 
-10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Operating 
current, average 
ICC1 
1120 
1000 
880 
mA 
RAS and CAS cycling; 
tRC = tRC min; 
10 = 0 mA (Note 5) 


Operating 
current, 
RAS-only 
ICC3 
1120 
1000 
880 
mA 
RAS cycling; 
CAS 2: VIH; 


refresh cycle, average 
tRC = tRC min; 
10 = 0 mA (Note 5) 


Operating 
current, fast-page 
ICC4 
920 
800 
680 
mA 
RAS :s V1L;CAS cycling; 
cycle, average 
tpc = tpc min; 
10 = 0 mA (Note 5) 


Operating 
current, CAS before 
ICC5 
1120 
1000 
880 
mA 
RAS cycling; 
CAS before 


RAS refresh cycle, average 
RAS; tRC = tRC min; 
10 = 0 mA (Note 5) 


Access time from column 
tAA 
35 
45 
55 
ns 
(Notes 7, 9) 


address 


Access time from CAS 
tACP 
40 
45 
55 
ns 
(Notes 7, 9) 


precharge 
(rising edge) 


Column address setup time 
tASC 
0 
0 
0 
ns 


Row address setup time 
tASR 
0 
0 
0 
ns 


Access tima from CAS (falling 
tCAC 
20 
20 
25 
ns 
(Notes 7, 9) 


edge) 


Column address hold time 
tCAH 
17 
20 
20 
ns 


CAS pulse width 
tCAS 
20 
10,000 
20 
10,000 
25 
10,000 
ns 


CAS hold time for CAS before 
tCHR 
15 
15 
20 
ns 
RAS refresh cycle 


CAS to output 
in low 
lcLZ 
0 
0 
0 
ns 
(Note 7) 
impedance 


CAS precharge 
time, fast-page 
tcp 
10 
20 
10 
20 
10 
25 
ns 


cycle 


NEe 
MC·421000A36 


AC Characteristics 
(cont) 


·70 
-80 
·10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


CAS precharge time, nonpage 
tCPN 
10 
10 
10 
ns 


cycle 


CAS to RAS precharge time 
tCRP 
10 
10 
10 
ns 
(Note 12) 


CAS hold time 
tCSH 
70 
80 
100 
ns 


CAS setup time for CAS before 
tCSR 
10 
10 
10 
ns 


RAS refresh cycle 


Data-in hold time 
toH 
15 
20 
20 
ns 
(Note 15) 


Data-in setup time 
tos 
0 
a 
a 
ns 
(Note 15) 


Output 
buffer turnoff 
delay 
tOFF 
0 
15 
a 
20 
a 
25 
ns 
(Note 10) 


Fast-page cycle time 
tpc 
45 
50 
60 
ns 
(Note 6) 


Access tima from RAS 
tRAC 
70 
80 
100 
ns 
(Notes 7,8) 


RAS to column address delay 
tRAo 
15 
35 
17 
35 
17 
45 
ns 
(Note 9) 
time 


Row address hold time 
tRAH 
10 
12 
12 
ns 


Column address lead time 
tRAL 
35 
45 
55 
ns 
II 


referenced to RAS (rising edge) 


RAS pulse width 
tRAS 
70 
10,000 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, fast-page 
tRASP 
70 
100,000 
80 
100,000 
100 
100,000 
ns 


cycle 


Random read or write cycle 
tRC 
140 
160 
190 
ns 
(Note 6) 
time 


RAS to CAS delay time 
tRCO 
20 
80 
25 
80 
25 
75 
ns 
(Note 11) 


Read command 
hold time 
tRCH 
a 
0 
a 
ns 
(Note 13) 
referenced to CAS 


Read command 
setup time 
tRCS 
a 
a 
a 
ns 


Refresh period 
tREF 
16 
16 
16 
ms 
Addresses An - Ag 


RAS pre charge time 
tRP 
60 
70 
80 
ns 


RAS pre charge CAS hold time 
tRPC 
10 
10 
10 
ns 


Read command 
hold time 
tRRH 
10 
10 
10 
ns 
(Note 13) 
referenced to RAS 


MC·421000A36 


AC Characteristics 
(cont) 


-70 
-80 
·10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 


RAS hold time 
tRSH 
20 
20 
25 
ns 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
3 
50 
ns 


Write command 
hold time 
tWCH 
15 
15 
20 
ns 


Write command 
setup time 
twcs 
0 
0 
0 
ns 


WE hold time 
twHR 
15 
15 
20 
ns 


WE setup time 
twSR 
10 
10 
10 
ns 


Write command 
pulse width 
twP 
15 
15 
20 
ns 


Notes: 


NEe 


(1) All voltages 
are referenced to GND. 


(2) An initial pause ofl00/1s 
is required after power-up. followed by 
any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 
achieved. 
At the 
end of the 
initial 
power-up 
sequence, 
it is 


recommended 
that either a RAS-on!y"!efresh 
or a CAS before 
RAS refresh cycle be executed while WE 2: VIH to ensure normal 
operation. 


(3) AC measurements 
assume tT = 5 ns. 


(4) VIH (min) and Vil 
(max) are reference levels for measuring 
the 
timing 
of input signals. Transition 
times are measured 
between 
VIH and Vil' 


(5) 
IcC1' ICC3' ICC4' and ICC5 depend on output 
loading and cycle 
rates. Specified 
values are obtained 
with the output open. ICC3 


is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
ICC4 is measured 
assuming 
that all column address inputs are 
switched 
only once during 
each fast-page 
cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 


time at which 
proper operation 
over the full temperature 
range 
(TA = 0 to +70°C) is assured. 


(7) 
Load = 2 TTL H mA, +4 mAl loads and 100 pF (VOH= 2.0 V, 
VOL = O.BV). 


(B) Assumes that tRcD s 
tRCD (max) and tRAD S tRAD (max). If 


tRCD or tRAD is greater than the maximum 
recommended 
value 


in this table, tRAC increases 
by the amount thattRCD 
or tRAD 
exceeds the value shown. 


(9) 
~ tRAD 2: tRAD (max), then the access time is defined 
by tAA' 


(10) tOFF (max) defines 
the time at which 
the output 
achieves the 
open-circuit 
condition 
an is not referenced to VOH or VOL. 


(11) Operation 
within 
the tRCD (max) limit assures thattRAC 
(max) 


can be mel. tRCD (max) is specified 
as a reference point only; if 


tRCD is greater than tRCD (max), then access time is controlled 
exclusively 
by tCAC. 


(12) The tCRP requirement 
should be applicable 
for RAS/CAS cycles 


preceded by any cycle. 


(13) Either tRRH or tRCH must be satisfied 
for It read cycle. 


(14) Parameter twP is applicable for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. 
For early 
write 
operation, 


both twcs 
and tWCH must be mel. 


(15) These parameters 
are referenced to the fal~ 
edge of CAS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(16) twcs, 
tRWD, tCWD, and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-modify-write 
cycles only. ~twcs 
2: twcs 


(min), the cycle is an early write cycle and the data output 
will 


remain open-circuit 
throughout 
the entire cycle. ~tCWD 2: tCWD 


(min), tRWD 2: tRWD (min), and tAWD 2: tAWD (min), the cycle is 
a read-write 
cycle and the data output 
will contain 
data read 


from the selected cell. ~ neither of the above conditions 
is met, 


the condition 
of the data output 
pin (at access time and until 


CAS returns to VIH) is indeterminate. 


(17) A test mode may be initiated 
by executing 
a CAS before RAS 


refresh cycle with WE held at Vil. This mode also may inadvert- 
ently 
be initiated 
during 
power-up 
because external 
control of 


the signal lines is very difficult 
during this period. ~ is therefore 


recommended 
that while WE is held atVIH, either a RAS-only or 


CAS before RAS refresh cycle should be executed 
at any time 


after the end of the initial power-up sequ'ence to ensure normal 
device operation. 
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Timing Waveforms 


Read Cycle 


l 


1.-LtAA 
~tCAC 


---H-19-h-lm-p-ed-a-nce---I-tRAC 


l---tCLZ 
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Timing Waveforms 
(cont) 


Early Write Cycle 


1-_ 
--IRSH 


ICSH 
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Timing Waveforms (cent) 


Fast-Page Read Cycle 


II 
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Timing Waveforms (cant) 


Fast-Page Early Write Cycle 


t 
DH==:!_ 
validData~~71~~m~7Z 
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Timing Waveforms (cant) 


RA5-Cnly Refresh Cycle 


IRC 


tRAS 
__ 
IRP 


\ 


ICRP- 
...-IRPC 


Note: 


[1J WE ~VIH· 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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MC·422000A36BH/FH 


2,097,152 x 36·Bit 


Dynamic CMOS RAM Module 


Description 
Pin Configuration 


The MC-422000A36BH/FH is a fast-page dynamic RAM 
72-PinSIMM 


module organized as 2,097,152words by 36 bits and 
designed to operate from a single + 5-volt power sup- 
0 
ply. Advanced CMOS circuitry ensures minimum power 
c:J 
72 GND 
dissipation and excellent operating margins. 
c=J 
71 NC 


= 
7°INo"'1 
The three-state output is controlled 
by CAS indepen- 
c::J 69 
Note' 
c::J 
68 
Note 1 


I 


o~ 


c::::J 67 
Note' 
dent of RAS. After a valid read or read-modify-write 
=66NC 
c::J 
65 00,6 
cycle, data is held on the output by holding CAS low. 0 


c:J 
64 DO~ 
c::J 
63 00,5 
Data output is returned to high impedance by returning 
c::J 62 0033 
CJ 
61 00" 
CAS high. Fast-page read and write cycles can be 
c::J 
60 0032 


I 


o~ 


c:J 
59 Vcc 
c::J 
58 0031 
executed by cycling CAS. Refreshing is accomplished 
c:J 
57 00,3 
c:J 
56 0030 
by means of RAS-only refresh cycles, CAS before RAS 
c:J 
S5 00,2 
= 
•• 0029 
refresh cycles, hidden refresh cycles, or by the 1024 
c::J 
53 0011 
c:J 
52 0028 
address combinations of Aothrough Ag during a 16-ms 
c=J 
51 Dato 


I 
o~ 


c::J 
50 0027 


D 


c:J 
49 009 
period. 
c:J4eNC 
c::::J 47 WE 
Single Inline Memory Module (SIMMT.) packaging en- 
8:~~, 
c:J .u ~o 
hances reliability and reduces the size, weight and cost 
c:J 
"3~1 


I 


o~ 


c=J 
42 ~3 
of a system. Each SIMM contains sixteen 1,048,576x 
c:::J 
4' 
CAS2 
c::::J 40 Wo 
c:::J 
39 GND 
4-bit pPD424400s in SOJ packages, eight 1,048,576 x 
c::J 
38 0035 
c::J 
37 0017 
1-bit pPD421000s in SOJ packages, and twenty-four 
power supply decoupling 
capacitors for noise reduc- 
0 


I 


o~ 


c::l 36 008 
tion. DQothrough DQ35 are common input/output 
pins. 
c:::J 
35 QQZ6 
c::::J 
3.( BAS2 
c:J 
33 RASa 
Features 
c:=J 32 A9 
c:J 
31 
A8 
c:::J 
30 Vec 


I 


o~ 


=29NC 
0 2,097,152-wordby 36-bit organization 
c::J 
28.7 
c::::J 
27 0025 
= 
26007 
0 Single + 5 V ±5% power supply 
c::l 
25 0024 
c:J 
24006 
0 Fast-page cycles 
0 


c:J 
230023 


c::J 
22 DOs 
0 Low power dissipation 


I 


o~ 


c=J 
21 0022 
c::J 
20 004 
c::J 
19NC 
0 RAS-only refresh cycles 
c=J 
18 A6 
c::J 
17 
AS 
0 CAS before RAS refresh cycles 
c::J 
16 A4 


c::::J 1S 
A3 
0 Hidden refresh cycles 
c=J 
U A2 
c:J 13., 
0 1024refresh cycles every 16 ms 


I 
o~ 


c:J 
12 AO 
c::J 
11 NC 
0 TTL-compatible inputs and outputs 
c:::J 
10 vec 
c:::J 
9 
D021 
0 72-pin SIMM packaging 
c=J 
8 
003 
= 
7llO2() 
=6002 
c::J 
5 
0019 
=."'" 
SIMM is a trademark 
of Wang Laboratories. 
c::::J 
3 
0018 
8~~ 
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Note.: 


[1] 
Pins 67 through 
70 are defined 
by access 
time: 


Pins 
70 ne 
80ns 
lOOns 


67 
NC 
NC 
NC 


68 
NC 
NC 
NC 


69 
NC 
NC 
GND 


70 
GND 
GND 
GND 


MC·422000A36BH/FH 
t-iEC 


Block Diagram 


RASo 
RAS, 


CASo 


000 
vo, 
CAS 
RAS 
VO, 
RAS 
CAS 
00, 
V02 
V02 
002 
1103 
00 
1103 
01 


003 
V04 
V04 
DE 
DE 


004 
liD, 
CAS 
RAS 
1101 
RAS 
CAS 
005 
1102 
1102 
006 
1103 
D3 
1103 
02 
007 
V04 
1104 
DE 
DE 


CAS 
RAS 
RAS 
CAS 
008 
DIN/DOUT 
MO 
DINJOOlJT 
Ml 


CASo 


OOg 
VO, 
CAS 
RAS 
liD, 
RAS 
CAS 
0010 
1/02 
1102 
0011 
1103 
04 
1103 
05 
0012 
1104 
1104 


DE 
DE 


0013 
VO, 
CAS 
RAS 
liD, 
RAS 
CAS 
0014 
V02 
1102 
0015 
V03 
07 
V03 
06 
00'8 
V04 
V04 
DE 
DE 


-= 


CAS 
RAS 
RAS 
CAS 
0017 
DIN/Dour 
M2 
DtNJOOlIT 
M3 


RAS2 
RAS, 
CAS2 


00'8 
liD, 
CAS 
RAS 
liD, 
RAS 
CAS 
OO,g 
1102 
V02 
0020 
1103 
08 
V03 
Og 
002' 
1104 
V04 
DE 
DE 


0022 
liD, 
CAS 
RAS 
VO, 
RAS 
CAS 
0023 
1102 
V02 
0024 
1103 
011 
V03 
010 
0025 
1104 
V04 
DE 
DE 
-= 


CAS 
RAS 
RAS 
CAS 
0026 
DIN/Dour 
M4 
DIN/Dour 
M5 


CAS 3 


0027 
VO, 
CAS 
RAS 
liD, 
RAS 
CAS 
0028 
V02 
V02 
0029 
V03 
0'2 
V03 
0'3 
0030 
V04 
V04 
DE 
DE 


003' 
liD, 
CAS 
RAS 
1/01 
RAS 
CAS 
0032 
1102 
1102 
0033 
1103 
0'5 
1103 
0'4 
0034 
1104 
1104 
DE 
DE 


CAS 
RAS 
RAS 
CAS 
0035 
OINlOour 
M8 
DINIOOUT 
M7 


AO-Ag -----. 
00-O'5.MO-M7 
00- 
0,5: 
,.pD424400LB 


WE -----. 
00 - 0'5. 
MO- M7 
Mo - M7: 
,.pD421000LA 


VCC------:I...- 
00-015.Mo-M7 


Vss 
I 
yCO-C23 
••• 
Oo-D15,Mo-M7 


83Yl·72578 


t-IEC 


Ao-As 


CASO- CAS3 


000 - 0035 


RASO- RAS:! 


WE 


GNO 


VCC 


NC 


Function 


Address inputs 


Column address strobe 


Common 
data inputs/outputs 


Row address strobe 


Write enable 


Ground 
+ 5-volt power supply 


No connection 


Voltage on any pin relative to GNO 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output 
current, los 


Power dissipation, 
Po 


-1.0 to + 7.0 V 


Oto + 70°C 


-55 to + 125°C 


50 mA 


24W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device 
reliabilily; 
exceeding 
the ratings 
could 
cause perma- 


nent 
damage. 
The device 
should 
be operated 
within 
the 
limits 


specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input voltage, 
high 
VIH 
2.4 
Vcc + 1.0 
V 


Input voltage, 
low 
VIL 
-1.0 
0.8 
V 


Supply voltage 
Vcc 
4.75 
5.0 
5.25 
V 


Ambient temperature 
TA 
0 
70 
°C 


Capacitance 
TA = 25°C; f = 1 MHz 


Parameter 


Input 
capacitance 


Symbol 
Max 
Unit 
Pins Under Test 


CI1 
161 
pF 
Ao-Ag 


CI2 
193 
pF 
WE 


CI3 
62 
pF 
RAS 


CI4 
62 
pF 
CAS 


CIQ/Coo 
29 
pF 
000 - 007, DOg - 0016, 001S - 0025, 0027 - 0034 


CI~C02 
39 
pF 
DOs. 0017, 0026, 0035 


Input/output 
capacitance 


Ordering Information 


Part Number 
Row Access 
Time (max) 
R/W Cycle Time (mln) 
Fast-Page 
Cycle 
(mln) 
Package 


MC422000A36BH-70 
70 ns 
140 ns 
45 ns 
72-pin socket-mountable 


BH-80 
80 ns 
160 ns 
50 ns 
SIMM (solder plating) 


BH-l0 
100 ns 
190 ns 
60 ns 


MC422000A36FH-70 
70 ns 
140 ns 
45 ns 
72-pin socket-mountable 


FH-80 
80 ns 
160 ns 
50 ns 
SIMM (gold plating) 


FH-l0 
100 ns 
190 ns 
60 ns 


MC·422000A36BH/FH 
ttiEC 


DC Characteristics 
TA = a to + 70·C; VCC = + 5.0 V ±5% 


Parameter 
Symbol 
Mln 
Max 
Unit 
Test Conditions 


Standby 
current 
ICC2 
48 
mA 
RAS = CAS « V1H(min) 


24 
mA 
RAS = CAS « VCC - 0.2 V 


Input leakage current 
II(L) 
240 
240 
pA 
VIN = a v to VCC; 
all other pins not under test = a V 


Output 
leakage current 
10(L) 
-10 
10 
pA 
000 to 0035 disabled; 
VOUT = a V to Vcc 


Output 
voltage, 
low 
VOL 
0.4 
V 
10L = 4.2 mA 


Output 
voltage, 
high 
VOH 
2.4 
V 
10H = -5 mA 


AC Characteristics 
TA = a to +70·C; 
vcc = +5.0 V ±5% 


-70 
-80 
-10 


Parameter 
Symbol 
Min 
Max 
Mln 
Max 
Min 
Max 
Unit 
Test Conditions 


Operating 
current, average 
ICCI 
llBO 
lOBO 
940 
mA 
RAS and CAS cycling; 
tRC = tRC min; 
10 = a mA (Note 5) 


Operating 
current, RAS-only 
ICC3 
llBO 
lOBO 
940 
mA 
RAS cycling; 
CAS « VIH; 


refresh cycle, average 
tRC = tRC min; 
10 = 0 mA (Note 5) 


Operating 
current, fast-page 
ICC4 
980 
860 
740 
mA 
RAS s V1L;CAS cycling; 
cycle, average 
tpc = tpc min; 
10 = a mA (Note 5) 


Operating 
current, CAS before 
ICC5 
1180 
lOBO 
940 
mA 
RAS cycling; 
CAS before 
RAS refresh cycle, average 
RAS; tRC = tRC min; 
10 = a mA (Note 5) 


Access time from column 
tAA 
35 
45 
55 
ns 
(Notes 7,9) 
address 


Access time from CAS 
tACP 
40 
45 
55 
ns 
(Notes 7, 9) 
precharge 
(rising edge) 


Column address setup time 
tASC 
a 
0 
a 
ns 


Row address setup time 
tASR 
a 
0 
a 
ns 


Access time from CAS 
tCAC 
20 
20 
25 
ns 
(Notes 7, 9) 
(falling 
edge) 


Column address hold time 
tCAH 
17 
20 
20 
ns 


CAS pulse width 
tCAS 
20 
10,000 
20 
10,000 
25 
10,000 
ns 


CAS hold time for CAS before 
tCHR 
15 
15 
20 
ns 


RAS refresh cycle 


Data setup time 
tCLZ 
a 
a 
a 
ns 


CAS precharge 
time, fast-page 
tcp 
10 
20 
10 
20 
10 
25 
ns 
cycle 


NEe 
MC-422000A36BH/FH 


AC Characteristics 
(cent) 


-70 
-80 
-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


CAS precharge time, nonpage 
tCPN 
10 
10 
10 
ns 


cycle 


CAS to RAS precharge time 
tCRP 
10 
10 
10 
ns 
(Note 12) 


CAS hold time 
tCSH 
70 
80 
100 
ns 


CAS setup time for CAS before 
tCSR 
10 
10 
10 
ns 


RAS refresh cycle 


Data-In hold time 
tOH 
15 
20 
20 
ns 
(Note 15) 


Data-In setup time 
tos 
0 
0 
0 
ns 
(Note 15) 


Output 
buffer turnoff 
delay 
tOFF 
0 
15 
0 
20 
0 
25 
ns 
(Note 10) 


Fast-page cycle time 
tpc 
45 
50 
60 
ns 
(Note 6) 


Access tlm·e from RAS 
tRAC 
70 
80 
100 
ns 
(Notes 7,8) 


RAS to column address delay 
tRAD 
15 
35 
17 
35 
17 
45 
ns 
(Note 9) 
time 


Row address hold time 
tRAH 
10 
12 
12 
ns 


Column address lead time 
tRAL 
35 
45 
55 
ns 


referenced to RAS (rising edge) 


RAS pulse width 
tRAS 
70 
10,000 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, fast-page 
tRASP 
70 
100,000 
80 
100,000 
100 
100,000 
ns 


cycle 


Random read or write cycle 
tRC 
130 
160 
190 
ns 
(Note 6) 
time 


RAS to CAS delay time 
tRCD 
20 
60 
25 
60 
25 
75 
ns 
(Note tl) 


Read command 
hold time 
tRCH 
0 
0 
0 
ns 
(Note 13) 
referenced to CAS 


Read command 
setup time 
tRCS 
0 
0 
0 
ns 


Refresh period 
tREF 
8 
8 
8 
ms 
Addresses Ao • Ag 


RAS pre charge time 
tRP 
60 
70 
80 
ns 


RAS pre charge CAS hold time 
tRPC 
10 
10 
10 
ns 


Read command 
hold time 
tRRH 
10 
10 
10 
ns 
(Note 13) 
referenced to RAS 


RAS hold time 
tRSH 
20 
20 
25 
ns 


NEe 


AC Characteristics 
(cont) 


-70 
-80 
-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Min 
Max 
Unit 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
3 
50 
ns 


Write command 
hold time 
tWCH 
15 
15 
20 
ns 


Write command 
setup time 
twcs 
0 
0 
0 
ns 


WE hold time 
tWHR 
15 
15 
20 
ns 


WE setup time 
twSR 
10 
10 
10 
ns 


Write command 
pulse width 
twP 
15 
15 
20 
ns 


Notes: 


(1) All voltages 
are referenced to GND. 


(2) An initial pause of 100 /ls is required after power-up, followed 
by 
any 
eight 
RAS 
cycles. 
before 
proper 
device 
operation 
is 
achieved. 
At the end of the 
initial 
power-up 
sequence. 
it is 
~mmended 
that either a RAS-on!L!:efresh 
or a CAS before 
RAS refresh cycle be executed while WE", 
VIH to ensure normal 
operation. 


(3) AC measurements 
assume tT = 5 ns. 


(4) VIH (min) and VIL (max) are reference levels for measuring 
the 
timing 
of input signals. Transition 
times are measured between 
VIH and VIL. 


(5) 
ICC1' IcC3• IcC4• and Iccs depend on output 
loading and cycle 


rates. Specified 
values are obtained 
with the output open. ICC3 


is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
ICC4 is measured assuming 
that all column address inputs are 


switched 
only once during 
each fast-page 
cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 
time at which 
proper operation 
over the full temperature 
range 
(TA = 0 to + 70"C) is assured. 


(7) 
Load = 2 TTL (-1 mA. +4 mAl loads and 100 pF (VOH = 2.0 V, 
VOL = 0.8 V). 


(8) Assumes that tRCD :5 tRCD (max) and tRAD :5 tRAD (max). If 


tRCD or tRAD is greater than the maximum 
recommended 
value 


in this table, tRAC increases by the amount that tRCD or tRAD 
exceeds the value shown. 


(9) 
If tRAD '" tRAD (max), then the access time is defined 
by tAA' 


(10) tOFF (max) defines the time at which 
the output 
achieves the 
open-circuit 
condition 
an is not referenced to VOH or VOL. 


(11) Operation 
within 
the tRCD (max) limit assures that tRAC (max) 


can be met. tRCD (max) is specified 
as a reference point only; if 


tRCD is greater than tRCD (max). then access time is controlled 
exclusively 
by tCAC' 


(12) The tCRP requirement 
should be applicable for RAS/CAS cycles 


preceded 
by any cycle. 


(13) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(14) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. 
For early 
write 
operation, 


both twcs 
and tWCH must be met. 


(15) These parameters 
are referenced to the fal.!!!!9 edge of CAS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(16) twcs, 
tRWD. tCWD. and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-mod(fy-write 
cycles only. If twcs 
'" twcs 


(min), the cycle is an early write 
cycle and the data output 
will 


remain open-circuit 
throughout 
the entire cycle. If tCWD '" tCWD 


(min). tRWD '" tRWD (min), and tAWD '" tAWD (min). the cycle is 
a read-write 
cycle and the data output 
will contain 
data read 


from the selected cell. If neither of the above conditions 
is met. 


the condition 
of the data output 
pin (at access time and until 


CAS returns to Vlfil is indeterminate. 


(17) A test mode may be initiated 
by executing 
a CAS before RAS 


refresh cycle with WE held at VIL. This mode also may inadvert- 
ently 
be initiated 
during 
power-up because external 
control of 


the signal lines is very difficult 
during this period. His therefore 


recommended 
that while WE is held atVIH. either a RAS-only or 


CAS before RAS refresh cycle should be executed 
at any time 


after the end of the initial power-up s.equence to ensure normal 
device operation. 


NEe 


Timing Waveforms 


Read Cycle 


1"" •• ~-----tRSH 
tCSH 


l 


1 .. -LtAA 


~tCAC 


---H-'9-h -lm-p-ed-a-nc-e-~I-t'RAC 


~IClZ 


ftt{EC 


Timing Waveforms 
(cant) 


Early Write Cycle 


I~o( 
--'IRSH 


ICSH 


t\'EC 


Timing Waveforms (cont) 


Fast-Page Read Cycle 


II 


fttfEC 


Timing Waveforms (cent) 


Fast-Page Early Write Cycle 


t 


DH==1_ 
-valid-Data~"""""""71;;"""""""m"""""""!z 


NEe 


Timing Waveforms (cont) 


RA5-0nly Refresh Cycle 


_ 
~ 
tCRP 
tRPC:L 


CAS~ 
V 


Note: 


[11 WE~VIH' 


t¥EC 


Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle 


tRC 


CAS Before RAS Cycle 


tRC 


tCll 
~ 


Valld~ala 


ttiEC 


Dynamic RAMs II 


NEe 


Section 6 
Dynamic RAMs 


/4PD41256 
262,144 x 1-Bit Dynamic 
CMOS RAM 


/4PD41464 
65,536 x 4-Bit Dynamic 
NMOS 
RAM 


/4PD421 000 
1,048,576 x 1-Bit Dynamic 
CMOS RAM 


/4PD421 001 
1,048,576 x 1-Bit Dynamic 
CMOS RAM 


/4PD421 002 
1,048,576 x 1-Bit Dynamic 
CMOS RAM 


/4PD424256 
262,144 x 4-Bit Dynamic 
CMOS RAM 


/4PD424258 
262,144 x 4-Bit 
Dynamic 
CMOS RAM 


/4PD424266 
262,144 x 4-Bit Dynamic 
CMOS RAM 


/4PD424268 
262,144 x 4-Bit Dynamic 
CMOS RAM 


/4PD424100 
4,194,304 x 1-Bit Dynamic 
CMOS RAM 


6-1 
/4PD424101 
6-167 
4,194,304 x 1-Bit Dynamic 
CMOS RAM 


6-19 
/4PD424102 
6-183 
4,194,304 x 1-Bit Dynamic 
CMOS RAM 


6-39 
/4PD424400 
6-199 
1,048,576 x 4-Bit Dynamic 
CMOS RAM 


6-55 
/4PD424402 
6-215 
1,048,576 x 4-Bit Dynamic 
CMOS RAM 


6-69 
/4PD424410 
6-229 
1,048,576 x 4-Bit Dynamic 
CMOS RAM 


6-83 
/4PD424412 
6-245 
1,048,576 x 4-Bit Dynamic 
CMOS RAM 


6-101 
/4PD424800 
6-261 
524,288 x 8-Bit 
Dynamic 
CMOS RAM 


6-117 
Application Note 53 
6-277 
/lPD421000/421001/421002 


6-135 
1-Megabit 
Dynamic 
RAMs 


6-151 


Dynamic 
RAMs 


pPD421000/1/2 


pPD424256/258/266/268 


pPD424100/1/2 


1M xl-bit; 
TSOP packaging 


256K x 4 bits; TSOP packaging 


4M x l-bit 
DRAM enhancements 


New package (GX suffix) 


New package (GX suffix) 


New speeds of 60 and 70 ns; new 300-mil 
SOJ (LA 
suffix); 
new TSO P package (Gx suffix) 


New speeds of 60 and 70 ns; new 300-mil 
SOJ 


package (LA suffix); 
new TSO P package (Gx suffix) 


Speeds to 70 ns; SOJ and ZIP packaging 


Speeds to 70 ns; SOJ and ZIP packaging 


512K x 8-bit static-column 
DRAM 


512K x 8-bit fast-page 
DRAM with 
write-per-bit 
option 


512K x 8-bit static-column 
DRAM with 
write-per- 
bit option 


Various 256K x 16-bit DRAMs 


pPD424802 


pPD424810 


t-{EC 
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pPD41256 


262,144 x 1·Bit 


Dynamic NMOS RAM 


Description 


The IlPD41256 is a 262,144-word by 1-bit dynamic RAM 
designed to operate from a single +5-volt power supply 
and fabricated 
with 
a double 
polylayer, N-channel, 
silicon-gate process for high density, high performance, 
and high reliability. A single-transistor storage cell and 
advanced dynamic circuitry, including 1024senseampli- 
fiers. ensure that power dissipation is minimized, while 
an on-chip circuit generates the negative-voltage sub- 
strate bias-automatically 
and transparently. 


The three-state output is controlled by CAS independent 
of RAS.After a valid read or read-modify-write cycle,data 
is held on the output by holding CAS low. The data 
output is returned to high impedance by returning CAS 
high. A hidden refresh feature allows CAS to be held low 
to maintain output data while RAS is used to execute 
refresh cycles. 


Refreshing may be accomplished by means of RAS-only 
refresh cycles, hidden refresh cycles, CAS before RAS 
refresh cycles, or by normal read or write cycles on the 
256 address combinations of Ao through A7 during a 
4-ms refresh period. 


o 262,144-wordx 1-bit organization 
o High-density plastic DIP and PlCC packaging 
o Multiplexed address inputs 
o Single + 5-volt power supply 
o On-Chip substrate bias generator 
o low power dissipation of 28 mW max (standby) 
o Nonlatched, three-state outputs 
o Fully TTl-compatible 
inputs and outputs 


o low input capacitance 
o 256 refresh cycles every 4 ms 
o Optional page cycle 
o RAS-only,hidden, and CAS before RAS refreshing 


GND 


CAS 
Dour 
As 
Aa 


A4 
As 


A7 


WE 
a 
DOUT 


RAS 
4 
ill 
AS 
'" 
NC 
S 
~ 
NC 


AO 
6 
"- 
Aa 
=t 


A2 
7 
A4 


'" 
Ol 
;:! ;: 


••••• (,) 
,.... 
Lt) 
« () « « 
> 
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Ordering Information 


Row Access 
Part Number 
Time (max) 
RIW Cycle (mln) 
Page Cycle (min) 


"PD41256C-80 
80 ns 
160 ns 
70 ns 


C-85 
85 ns 
165 ns 
70 ns 


C-10 
100 ns 
200 ns 
100 ns 


"PD41256L-80 
80 ns 
160 ns 
70 ns 


L-85 
85 ns 
165 ns 
70 ns 


L-10 
100 ns 
200 ns 
100 ns 


Power Supply 
Tolerance 


±5% 


Package 


16-pin plastic DIP 


±10% 


±5% 
18-pin plastic leaded chip carrier 


DC Characteristics 
TA = 0 to + 70'C; vcc = +5.0 V ± 10% 


Parameter 
Symbol 
Min 
Max 
Unit 
Test Conditions 


Standby supply current 
ICC2 
5.0 
mA 
RAS = VIH; DOUT = high impedance 


Input leakage current 
II(L) 
-10 
10 
"A 
V1N= 0 V to Vcc; 
all other pins not under test = 0 V 


Output 
leakage current 
iO(L) 
-10 
10 
"A 
DOUT disabled; 
VOUT = 0 V to Vcc 


Output 
voltage, low 
VOL 
0.4 
V 
10L = 4.2 mA 


Output 
voltage, high 
VOH 
2.4 
V 
lOUT = -5 mA 


Name 
Function 


Ao - Aa 
Address inputs 


CAS 
Column address strobe 


DIN 
Data input 


DOUT 
Data output 


RAS 
Row address strobe 


WE 
Write enable 


GND 
Ground 


Vcc 
+5-volt 
power supply 


NC 
No connection 


Capacitance 
TA = 25'C; f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


Input capacitance 
CI1 
5 
pF 
Ao - Aa, DIN 


CI2 
8 
pF 
RAS",~, 
WE 


Output 
capacitance 
COUT 
7 
pF 
DOUT 


Absolute Maximum Ratings 


Voltage on any pin relative to GND, VT 


Operating 
temperature, 
TA (ambient) 


Storage temperature, 
TSTG 


Short-circuit 
output 
current, 
los 


Power dissipation, 
Po 


-1.0 to +7.0 V 


o to +70'C 


-55 to + 125'C 


SOmA 


1.0W 


Exposure 10 Absolute 
Maximum 
Ra1ings for extended 
periods 
may 


allec1 device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Recommended 
Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 


Input voltage, high 
V1H 
2.4 
Vcc 
+ 1.0 


Input voltage, low 
V1L 
-1.0 
0.8 


Ambient temperature 
TA 
0 
70 


Notes: 


(1) Vcc 
= +5 V ±5% for the -80 and -85 versions. 
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AO 
A, 
• 


A2 
• 


A3 
• 


A4 
• 
AS 
• 


A6 
• 


A7 
• 
AS 


AC Characteristics 
TA = a to +70°C 


I'PD41256-80 
I'PD41256-85 
I'PD41256-10 


Parameter 
Symbol 
Min 
Max 
Mln 
Max 
Min 
Max 
Unit 
Test Conditions 


Supply voltage 
VCC 
4.75 
5.25 
4.75 
5.25 
4.5 
5.5 


Operating 
supply current, 
ICCl 
90 
90 
80 
mA 
"R7iS","CAS cycling; 
average 
tAC = tAC (min); 
10 = a mA (Note 5) 


Operating 
supply current, 
ICC3 
80 
80 
65 
mA 
"R7iS"cycling; <::AS ;" V1H; 


"R7iS"-onlyrefresh cycle, 
tAC = tAC (min); 10 = 
average 
a mA (Note 5) 


Operating 
supply current, 
ICC4 
70 
70 
60 
mA 
"R7iS"s V1L;"CAS cycling; 
page cycle, average 
tpc = tpc 
(min); 10 = 


a mA (Note 5) 


Operating 
current, "CAS 
Iccs 
80 
80 
65 
mA 
"CAS s V1L;"R7iS"cycling; 
before"R7iS" refresh cycle, 
tAC = tAC (min); I/O = 
average 
a mA (Note 5) 


Random read or write cycle 
tAC 
180 
165 
200 
ns 
(Note 6) 
time 


Read-write cycle time 
tAWC 
185 
195 
240 
ns 
(Note 6) 


Page cycle time 
tpc 
70 
70 
100 
ns 
(Note 6) 


Access time from "R7iS" 
tAAG 
80 
85 
100 
ns 
(Notes 7, 8) 


Access time from "CAS 
teAC 
40 
40 
50 
ns 
(Notes 7,9) 
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IIPD41256 
t-iEC 


AC Characteristics 
(cant) 


"PD41256-80 
"PD41256-85 
"PD41256-10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Output 
buffer turnoff 
delay 
tOFF 
0 
20 
0 
20 
0 
25 
ns 
(Note 10) 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
3 
50 
ns 
(Note 4) 


RAS precharge time 
tRP 
70 
70 
90 
ns 


RAS pulse width 
tRAS 
80 
16,000 
85 
16,000 
100 
10,000 
ns 


RAS hold time 
tRSH 
40 
40 
50 
ns 


CAS pulse width 
1cAS 
40 
10,000 
40 
10,000 
50 
10,000 
ns 


"CAS hold time 
1cSH 
80 
85 
100 
ns 


RAS to "CAS delay time 
tRCO 
20 
40 
20 
45 
20 
50 
ns 
(Note 11) 


"CAS to RAS precharge 
time 
1cRP 
10 
10 
10 
ns 
(Note 12) 


"CAS pre charge time, 
tCPN 
25 
25 
25 
ns 
nonpage cycle 


"CAS precharge time, page 
tcp 
20 
20 
40 
ns 
cycle 


RAS precharge "CAS hold 
tRPC 
0 
0 
0 
ns 
time 


Row address setup time 
tASR 
0 
0 
0 
ns 


Row address hold time 
tRAH 
10 
10 
10 
ns 


Column address setup time 
tASC 
0 
0 
0 
ns 


Column address hold time 
1cAH 
15 
20 
15 
ns 


Column address hold time 
tAR 
55 
65 
65 
ns 
referenced to RAS 


Read command 
setup time 
tRCS 
0 
0 
0 
ns 


Read command 
hold time 
tRRH 
10 
10 
10 
ns 
(Note 13) 
referenced to RAS 


Read command 
hold time 
tRCH 
0 
0 
0 
ns 
(Note 13) 
referenced to "CAS 


Write command 
hold time 
tWCH 
20 
20 
25 
ns 


Write command 
hold time 
tWCR 
60 
65 
75 
ns 
referenced to RAS 


Write command 
pulse width 
twP 
20 
15 
15 
ns 
(Note 17) 


Write command 
to RAS lead 
tRWL 
20 
30 
35 
ns 


time 


Write command 
to "CAS lead 
1cWL 
20 
oJ 
35 
ns 
time 


Data-in setup time 
tos 
0 
0 
0 
ns 
(Note 14) 


Data-in hold time 
tOH 
20 
20 
25 
ns 
(Note 14) 


Data-in hold time referenced 
tOHR 
60 
65 
75 
ns 
to RAS 


Refresh period 
tREF 
4 
4 
4 
ms 
Addresses Ao - A7 


WE command 
setup time 
twcs 
0 
0 
0 
ns 
(Note 15) 


"CAS to WE delay 
1cwo 
40 
40 
50 
ns 
(Note 15) 


RAS to WE delay 
tRWO 
80 
85 
100 
ns 
(Note 15) 


CAS setup time for "CAS 
1cSR 
10 
10 
10 
ns 
(Note 16) 
before RAS refresh cycle 
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AC Characteristics 
(cent) 


"PD41256-80 
"PD41256-85 
"PD41256-10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


CAS hold time for CAS 
teHR 
20 
15 
20 
ns 
(Note 16) 
before RAS refresh cycle 


Read-write cycle time 
tTRC 
N/A 
N/A 
220 
ns 
(Note 18) 
(counter test cycle) 


Read-write cycle time 
tTRwC 
N/A 
N/A 
260 
ns 
(Note 18) 
(counter test cycle) 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 "s is required after power-up, followed by 


any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 


achieved. 


(3) AC measurements 
assume tT = 5 ns. 


(4) V1H(min) and V1L(max) are reference levels for measuring 
the 


timing of input signals. Transition 
times are measured between 


V1Hand V1L. 


(5) ICC1' ICC3' ICC4' and ICC5 depend on output 
loading and cycle 


rates. Specified values are obtained 
with the output open. 


(6) The minimum 
specifications 
are used only to indicate the cycle 


time at which 
proper operation 
over the full temperature 
range 


(TA = 0 to +70°C) is assured. 


(7) Output load = 2 TTL loads and 100 pF 


(8) Assumes that tRCD s 
tRCD (max). If tRCD is greater than the 


maximum 
recommended 
value 
shown in this table, tRAC will 


increase by the amount that tRCD exceeds the value shown. 


(9) Assumes that tRCD <: tRCD (max) 


(10) tOFF (max) defines the time at which the output 
achieves the 


open-circuit 
condition 
and is not referenced to VOH or VOL' 


(11) Operation 
within 
the tRCD (max) limit assures that tRAG (max) 


can be met. tRCD (max) is specified 
as a reference point only. If 


tRCD is greater than the specified 
tRCD (max) limit, then access 


time is controlled 
exclusively 
by tCAC' 


(12) The tCRP requirement 
should be applicable 
for RAS/CAS cycles 


preceded by any cycle. 


(13) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(14) These parameters 
are referenced to the leading edge of CAS in 


early write cycles and to the leading edge of WE in delayed write 
or read-modify-write 
cycles. 


(15) twcs, 
tCWD, and tRWD are restrictive 
operating 
parameters 
in 


read-write 
and read-modify-write 
cycles only. If twcs 
<: twcs 


(min), the cycle is an early write cycle and the data output will 
remain open-circuit 
throughout 
the entire cycle. If tCWD <: tCWD 


(min) and tRWD <: tRwD (min), the cycle is a read-write cycle and 
the data output will contain 
data read from the selected cell. If 


neither of the above conditions 
is met, the condition 
of the data 


output 
(at access time 
and 
until 
CAS goes back to V1H) is 


indeterminate. 


(16) DIP products 
with process codes E, K, P and X do not have the 


CAS before RAS refresh feature. 
All other package types 
and 


process codes do have CAS before RAS refreshing. 


On DIP products 
with process codes E, K, P and X, the external 


address 
inputs 
are required 
in hidden 
refresh cycles and the 


address timing 
must satisfy tASR a~AH, 
which are specified 


with respect to the falling 
edge of RAS. 


(17) twP is applicable 
for a delayed write cycle. If the cycle is early 


write, it should be satisfied 
with the specified 
value of tWCH' 


(18) tTRC and tTRWL are applicable 
for a CAS before RAS refresh 


counter test cycle. 
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Timing Waveforms 


Read Cycle 


RAS 
'''I 


I' 


I 
IRSH 
IRP 
I 
tCSH 


IRCD 
I 
ICAS 


CAS 


I 


~.l-'=~_UjRH IOFF 


High Impedance 


Read 
------- 
------- 
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Timing 
Wiaveforms 
(cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


:Ijjj//III!/II1////Ill 


L'''":L 
I 
--- 
VI///!il!ll/ 7/1//1//1////IJIIIIII! 


'= 
,~,Jt 


ValidData: 
}-- 
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- -{'~" 


CAS 
'~"1---'"~1_ 


Note: 


[1J WE and Address = don't care. 


'"~b- 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write Cycle 
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Timing Waveforms (cont) 


Page Read Cycle 
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Timing Waveforms (cant) 


Page Early Write Cycle 
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Timing Waveforms (cant) 


Page Read-Write/Read-Modify-Write 
Cycle 


II 
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The J.lPD41256provides 
a method to verify proper 
operation of the internal address counter used in CAS 
before RAS refresh~ 
After a CAS before RAS refresh 


cycle is initiated, 
CAS satisfies a hold time (tCHR),a 
precharge time (tcp), and then returns low while RASis 
held low to enable read, write, or read-modify-write 
operation. 
As shown in the appropriate timing wave- 
forms, a refresh counter test can be initiated at this 
point on specified row and column addresses. The row 
is selected by the internal address counter, and the 
column is defined by an external address supplied at 
the second falling edge of CAS. Test patterns can be 
generated 
in several ways; the following 
example is 
one possibility. Any pattern must be preceded by the 
normal power-up procedure containing a pause of 100 
J.lsand then eight RAS cycles to initialize the internal 
counter. 


(1) 
Write "0" into 256 memory cells with 256 CAS 
before RAS refresh counter test write cycles. Use 
the same column address in each cycle. 


(2) 
Use a counter test read-modify-w rite cycle to read 
the "0" written in the first cycle of step 1 and then 
write a "1" into that location 
in the same cycle. 
Perform this operation 
256 times, until a "1" is 
written into each of the 256 memory cells. Con- 
tinue using the same column address as specified 
in step 1. 


(3) 
Read each "1" written in step 2 using a counter 
test read cycle. 


(4) 
Complement the test pattern and repeat steps 1, 
2, and 3. 
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Timing Waveforms (cont) 


CAS Before HAS Refresh Counter Test Read Cycle 


tRS 
tRPC 


ICAS 


II 
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Timing Waveforms (cont) 


CAS Before HAS Refresh Counter Test Write Cycle 


Timing Waveforms (cont) 


CAS Before HAS Refresh Counter Test Read-Modify-Write 
Cycle 


II 


I 
_ tlDS 
tDHj 
• 
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Valid Da~ InJ<====== 
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!.-tcAC..... 
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NEe Electronics Inc. 


pPD41464 


65,536 x 4·Bit 


Dynamic NMOS RAM 


Description 


The pPD41464 is a 65,536-word by 4-bit dynamic RAM 
designed to operate from a single + 5-volt power sup- 
ply and fabricated with a double polylayer, N-channel 
silicon-gate 
process 
for 
high density, 
high 
perfor- 


mance, and high reliability. A single-transistor 
storage 


cell and advanced dynamic circuitry 
ensure minimum 


power dissipation, while an on-chip feature internally 
generates the negative voltage 
substrate 
bias-au- 


tomatically 
and transparently. 


The three-state I/O is controlled by CAS independent of 
RAS. After a valid read or hidden refresh cycle, data is 
held by holding CAS low. Data input and output 
is 


returned to high impedance by returning CAS high. 
Hidden refreshing allows CAS to be held low to main- 
tain output data while RASis used to execute RAS-only 
refresh cycles. 


Refreshing may be accomplished 
by means of a CAS 


before RAS cycle that internally generates the refresh 
address, by means of RAS-only refresh cycles, or by 
normal read or write cycles on the 256 address combi- 
nations of ~ through A7 during a 4-ms refresh period. 


Features 


o 65,536-word by 4-bit organization 
o Single + 5-volt ± 10% power supply 
o CAS before RAS internal refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o Low power dissipation 


- 
28 mA max (standby) 


-440 
mW (active, tRC = tRc min) 


o Nonlatched, TTL-compatible 
inputs and outputs 


o Low input capacitance 
o 256 refresh cycles every 4 ms 
o Standard 18-pin plastic DIP and PLCC packaging 


Row Access 
Time (max) 


80 ns 


100 ns 


120 ns 


Package 


18-pin plastic 
DIP 
IlPD41464G-80 


G-10 


G-12 


IlPD41464L-80 
80 ns 
----------- 
L-10 


L-12 


100 ns 


120 ns 


Pin Configurations 


fB-Pin Plastic DIP 


_ 
0 .•• 


~I~ ~ ~ 


N 
.•....~ 
~ 


V02 
3 
16 
CAS 


WE 
4 
~ 
15 
V03 


RAS 
5 
~ 
14 
Ao 


A6 
6 
ll. 
13 
Al 


"- 
AS 
7 
12 
A2 


co 
0) 
~ 
;:: 


':8~.r 
> 
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Capacitance 
Input voltage, high 
V1H 
2.4 
VCC + 1 
TA = 25'C; f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Plna Under Test 
Input voltage, low 
V1L 
-1 
0.8 


Input capacitance 
C11 
5 
pF 
Ao th rough A7 
Supply voltage 
Vcc 
4.5 
5.0 
5.5 


CI2 
8 
pF 
~,~,WE,~ 
Ambient temperature 
TA 
0 
70 


Input/output 
capacitance 
Co 
7 
pF 
1/01 through 
1/04 


Block Diagram 


Neme 
Function 


Ao-A7 
Address Inputs 


1/°1-1/°4 
Data inputs and outputs 


~ 
Column address strobe 


~ 
Output 
enable 


~ 
Row address strobe 


WE 
Write enable 


GND 
Ground 


Vcc 
+5·volt 
power supply 


NC 
No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-<:ircult output current, 
IOS 


Power dissipation, 
Po 


-1.0to 
+7.0 V 
o to +70'C 


-55 to + 125'C 


SOmA 


1.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated within 
the limits specified 


under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


V 


V 


V 


NEe 


DC Characteristics 
TA = 0 to + 70 


gC; VCC = + 5.0 V :!:10% 


Parameter 


Standby 
current 


Input leakage current 


Output 
leakage current 


Output 
voltage, 
low 


Output 
voltage, 
high 


Symbol 


ICC2 


II(L) 


IO(L) 


VOL 


VOH 


AC Characteristics 
TA = 0 to + 70gC; vcc = +5.0 V :!:10% 


Mln 
Max 
Unit 
Test Conditions 


5.0 
mA 
RAS = CAS = VIH 


-10 
10 
pA 
VIN = 0 V to VCC; all other pins not under test = 0 V 


-10 
10 
pA 
I/O is high-Z; VvO = 0 V to VCC 


0 
0.4 
V 
IOL = 4.2 mA 


2.4 
VCC 
V 
IOH = -5 mA 


"PD41464-80 
"PD41464-10 
"PD41464-12 


Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


ICC1 
85 
80 
75 
mA 
RAS, CAS cycling; 
tAC = tAC mln (Note 5) 


ICC3 
70 
65 
60 
mA 
RAS cycling; 
CAS = VIH; 


tAC = tAC mln (Note 5) 


ICC4 
60 
55 
50 
mA 
RAS = VIU CAS cycling; 
tpc = tpc min (Note 5) 


Iccs 
70 
70 
65 
mA 
RAS cycling; 
CAS", 
VIH; 


tAC = tAC mln (Note 5) 


tAC 
160 
200 
220 
ns 
(Note6) 
II 
tRWC 
230 
270 
300 
ns 
(Note6) 


tpc 
70 
100 
120 
ns 
(Note6) 


tAEF 
4 
4 
4 
ms 


tAAC 
80 
100 
120 
ns 
(Notes 7, 8) 


teAC 
40 
50 
60 
ns 
(Notes 7, g) 


!oFF 
0 
20 
0 
25 
0 
30 
ns 
(Note 10) 


tr 
3 
50 
3 
50 
3 
50 
ns 
(Notes 2, 3) 


tAP 
70 
90 
90 
ns 


tAAS 
60 
10000 
100 
10000 
120 
10000 
ns 


tASH 
40 
50 
60 
ns 


teAS 
40 
10000 
50 
10000 
60 
10000 
ns 


teSH 
60 
100 
120 
ns 


tACO 
20 
40 
20 
50 
25 
60 
ns 
(Note 11) 


leAP 
10 
10 
10 
ns 
(Note 12) 


tePN 
25 
25 
25 
ns 


tep 
30 
40 
50 
ns 


tAPC 
0 
0 
0 
ns 


tASA 
0 
0 
0 
ns 


tAAH 
10 
10 
15 
ns 


tASC 
0 
0 
0 
ns 


teAH 
15 
15 
20 
ns 


tAA 
55 
65 
60 
ns 
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Operating 
current, 
refresh cycle, 
average 


Operating 
current, 
page cycle, average 


Operating 
current, CAS before RAS 


refresh cycle, average 


Random read or write cycle time 


Read-write 
cycle time 


Page cycle time 


Refresh period 


Access time from RAS 


Access time from CAS 


Ouput 
buffer turnoff 
delay 


Rise and fall transition 
time 


RAS precharge time 


RAS pulse width 


RAS hold time 


CAS pulse width 


CAS hold time 


RAS to CAS delay time 


CAS to RAS precharge time 


CAS precharge time for nonpage cycle 


CAS precharge time for page cycle 


RAS precharge CAS hold time 


Row address setup time 


Row address hold time 


Column address setup time 


Column address hold time 


AC Characteristics 
(cant) 


"PD41464-80 
"PD41464-10 
"PD41464-12 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Teel Conditione 


Read command 
hold time referenced to RAg 
lflRH 
10 
10 
10 
ns 
(Note 13) 


Read command 
hold time referenced to CAS 
lflCH 
0 
0 
0 
ns 
(Note 13) 


Write command 
hold time 
twCH 
20 
25 
30 
ns 


Write command 
hold time referenced to RAg 
twCR 
60 
75 
90 
ns 


Write command 
pulse width 
twp 
20 
15 
20 
ns 


Write command 
to RAg lead time 
lflWL 
30 
35 
40 
ns 


Write command 
to CAS lead time 
leWL 
30 
35 
40 
ns 


Data-In setup time 
!os 
0 
0 
0 
ns 
(Note 14) 


Data-In hold time 
!oH 
20 
25 
30 
ns 
(Note 14) 


Data-in hold time referenced to RAg 
!oHR 
60 
75 
90 
ns 


Write command 
setup time 
twcs 
0 
0 
0 
ns 
(Note 15) 


RAg to WE delay 
lflWD 
105 
130 
155 
ns 
(Note 15) 


CAS to WE delay 
lewo 
65 
80 
95 
ns 
(Note 15) 


Access time from OE 
toEA 
20 
25 
30 
ns 


Data delay time 
toED 
20 
25 
30 
ns 


OE command 
hold time 
toEH 
0 
0 
0 
ns 


Output 
turnoff 
delay from OE 
toEZ 
0 
20 
0 
25 
0 
30 
ns 


OE to RAg inactive setup time 
toES 
10 
10 
10 
ns 


Read or write cycle time for counter test cycle 
tTRC 
185 
220 
245 
ns 
(Note 16) 


Read or write cycle time for counter test cycle 
lrRWC 
245 
290 
325 
ns 
(Note 16) 


CAS setup time for CAS before RAg refresh 
leSR 
10 
10 
10 
ns 


cycle 


CAS hold time forCAS before RAg refresh 
leHR 
15 
20 
25 
ns 


cycle 


NEe 


Notes: 


(1) An 
initial 
pause 
of 
100 "s 
(RAS inactive) 
is required 
after 


power-up, followed by any eight RAS cycles, before proper device 
operation 
is achieved. 


(2) AC measurements 
assume tT = 5 ns. 


(3) V1H(min) and V1L (max) are reference levels for measuring 
the 


timing 
of input signals. 


(4) All voltages are referenced to GND. 


(5) 
ICC1' ICC3' ICC4' and Iccs depend on output 
loading and cycle 


rates. Specified values are ob1ained with the output open. For lot 
code K of the "PD41464-15, tAC (min) must be 270 ns and ICC3 
= 60 mA. 


(6) The minimum 
specifications 
are used only to indicate the cycle 


time at which 
proper operation 
over the full temperature 
range 


(TA = Oto +70°C) is assured. For lot code K ofthe "PD41464-15, 
'Rc (min) must be 270 ns. 


(7) 
Load = 2 TTL loads and 100 pF 


(8) Assumes 
that tAco 
s tACO (max). If tACO is greater than the 


maximum 
recommended 
value in this table, tAAG increases by 


the amountthattACD 
exceeds the value shown. For a CAS before 


RAS refresh counter test cycle, tAAC is specified 
as'RAC = !cHA 


+ !cP + !cAG + 2tT and is greater than the maximum 
specified 


value shown in this table. 


(9) Assumes that tACO;" 
tRCD (max). 


(10) tOFF (max) and loEZ (max) define the time at which the output 


achieves the open-circuit 
condition 
and are not referenced to 


VOH or VOL' 


(11) Operation 
within the tACO (max) limit assures that tAAG (max) 


can be met. tACO (max) is specified 
as a reference point only; if 


tACO is greater 
than tACO (max), 
access time 
is controlled 


exclusively 
by tCAC' 


(12) The tCAP requirement 
should be applicable 
for RAS/CAS cycles 


preceded by any cycle. 


(13) Either tAAH or tACH must be satisfied 
for a read cycle. 


(14) These parameters are referenced 10 the lea~ 
edge of CAS for 


early write cycles and to the leading edge of WE for delayed write 
or read-modify-write 
cycles. 


(15) twcs, 
tcwo. 
and 'Rwo are restrictive 
operating 
parameters 
in 


read-write/read·modify-write 
cycles only. If twcs 
;" twcs 
(min), 


the cycle is an early write cycle and the data I/O pins will remain 
high impedance 
throughout 
the entire cycle. If tcwD 
;" tCWD 


(min),tAWD 
;" tAWO (min), the cycle is a read-write cycle and the 


data I/O pins will contain 
data 
read from the selected 
cell. If 


neither of the above conditions 
is met, the condition 
of the data 


I/O pins 
(at access time 
and 
until 
CAS 
returns 
to 
VIHl 
is 


indeterminate. 


(16) tTAc and tTAWC are applicable 
for CAS before 
RAS refresh 


counter test cycles. 
II 
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Timing Waveforms (cont) 
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Timing waveforms (cant) 


RA5-Only Refresh Cycle 


~EC 


Timing waveforms (cent) 


CAS Before HAS Refruh 
Cycle 


_.~,a, 


CAS 
1. '~'J 


tttlEC 


Timing waveforms 
(cant) 


Hidden RefreM 
Cycle 


I 
II 


" 


lCAH 
II 


A~:':SS 
~~r~~s 
?/IJlI/I///////////// 


tRCS-J 
I 
I IRRH 
I 


: Data-out 


II 


~EC 


CAS Before RAS Refresh Counter Test 


The jl.PD41464provides a method to verify proper oper- 
ation of the internal address counter used in CAS before 
RAS refreshing. After a CAS before RAS refresh cycle is 
initiated, CAS satisfies a hold time (tCHR),a precharge 
time (tcp), and then returns low while RAS is held low to 
enable read, write, or read-modify-write operation. As 
shown in the appropriate timing waveforms, a refresh 
counter test can be initiated at this point on specified 
row and col umn addresses. The row is selected by the 
internal address counter, and the column is defined by 
an external address supplied at the second falling edge 
of CAS. Test patterns can be generated in several ways; 
the following example is one possibility. Any pattern 
must be preceded by the normal power-up~cedure 
containing a pause of 100p.sand then eight RAS cycles 
to initialize the internal counter. 


(1) Write "0" into 256 memory cells with 256 CAS before 


RAS refresh counter test write cycles. Usethe same 
column address in each cycle. 


(2) Use a counter test read-modify-write cycle to read 


the "0" written in the first cycle of step 1 and then 
write a "1 n into that location in the same cycle. 
Perform this operation 256 times, until a "1" is 
written into each of the 256 memory cells. Continue 
using the same column address as specified in step 
1. 


(3) Read each "1" written in step 2 using a counter test 


read cycle. 


(4) Complement the test pattern and repeat steps 1, 2, 


and 3. 
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JlPD421000 


1,048,576 x 1·bit 


Dynamic 
CMOS 
RAM 


Description 


The I4PD421000is a fast-page dynamic RAM organized 
as 1,048,576words by 1 bit and designed to operate from 
a single +5-volt power supply. Advanced polycide tech- 
nology using trench capacitors minimizes silicon area 
and provides high storage cell capacity, high perfor- 
mance, and high reliability. A single-transistor dynamic 
storage cell and advanced CMOS circuitry throughout 
ensure minimum power dissipation, while an on-chip 
circuit 
internally generates the negative-voltage sub- 


strate bias-automatically 
and transparently. 


The three-state output is controlled by CAS independent 
of RAS.After a valid read or read-modify-write cycle, data 
is held on the output by holding CAS low. The data 
output is returned to high impedance by returning CAS 
high. Fast-page read and write cycles can be executed 
by cycling CAS. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing can also be accomplished by means 
of RAS-only refresh cycles or by normal read or write 
cycles on the 512 address combinations of Aothrough As 
during an 8-ms refresh period. 


o 1,048.576-wordby 1-bit organization 
o Single +5-volt ±10% power supply 
o Fast-page option 
o CAS before RAS refresh cycles 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o Nonlatched, three-state outputs 
o Low input capacitance 
o TTL-compatible inputs and outputs 
o 512 refresh cycles every 8 ms 
o High-density 18-pin plastic DIP,26/20-pin SOJ, 
or 20-pin plastic ZIP packaging 


Pin Configurations 


fS-Pin Plastic DIP 


GND 


DOUT 


CAS 


Ag 
As 


A7 


A6 


AS 


A4 


GND 


DOlfT 


CAS 


NC 
Ag 


Ag 
1 ,:: 


DOlfT 
3 ,,; ::: 2 
CAS 
DIN 
S ,,: ::: 4 
GND 


RAS 
7 ",::: 
6 
WE 


.::: 
S 
NC 
NC 
9 ::', :: 10 NC 


Ao 
11 '::,::: 
12 A 


A 2 
13 "i::: 
14 A 1 
vcc 
1S ,,: 
3 
As 
17 ,,:'::: 
16 A4 
.::: 
1S A6 
A7 
19 :::. ::: 20 As 


tttlEC 


Name 
Function 


Ao-Ag 
Address inputs 


CAS 
Column address strobe 


DIN 
Data input 


DoUT 
Data output 


RAS 
Row address strobe 


WE 
Write enable 


GND 
Ground 


Vcc 
+5-volt 
power supply 


NC 
No connection 


Capacitance 
TA = 25'C; f = 1 MHz 


Parameter 
Symbol 
Max 


Input capacitance 
Cl1 
5 


CI2 
7 


Output 
capacitance 
Co 
7 


Unit 
Pins Under Test 


pF 
Address, DIN 


pF 
RAS, CAS, WE 


pF 
DoUT 


AO 
A, 
• 


A2 
• 


A3 
• 
A4 
• 
AS 
• 


A6 
• 


A7 
• 
As 
• 


Ag 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Input voltage, high 
V1H 
2.4 
Vcc 
+ 1.0 
V 


Input voltage, low 
VIL 
-1 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
0 
70 
'C 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output 
current, 
los 


Power dissipation, 
Po 


-1.0 to +7.0 V 
o to +70'C 


-55 to + 125'C 


50mA 


1.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


NEe 
pPD421000 


Ordering Information 


RAS Access 
RIW Cycle 
Fast-Page 
Cycle 
Refresh 
Standby 


Part Number 
Time (max) 
Time (max) 
(max) 
Period 
Current 
(mln) 
Package 


"PD421000C-60 
60 ns 
120 ns 
40 ns 
B ms 
1 mA 
20-pin plastic DIP 


C-70 
70 ns 
130 ns 
45 ns 


C-BO 
80 ns 
160 ns 
50 ns 


C-10 
100 ns 
190 ns 
60 ns 


"PD421000C-60L 
60 ns 
120 ns 
40 ns 
64ms 
200 "A 


C-70L 
70 ns 
130 ns 
45 ns 


C-BOL 
BOns 
160 ns 
50 ns 


C-10L 
100 ns 
190 ns 
60 ns 


"PD421000LA-60 
60 ns 
120 ns 
40 ns 
Bms 
1 mA 
26/20-pin 
plastic SOJ 


LA-70 
70 ns 
130 ns 
45 ns 


LA-BO 
BOns 
160 ns 
50 ns 


LA-10 
100 ns 
190 ns 
60 ns 


"PD421000LA-60L 
60 ns 
120 ns 
40 ns 
64ms 
200/lA 


LA-70L 
70 ns 
130 ns 
45 ns 


LA-BOL 
BO ns 
160 ns 
50 ns 


LA-10L 
100 ns 
190 ns 
60 ns 


"PD421000V-60 
60 ns 
120 ns 
40 ns 
Bms 
1 mA 
20-pin plastic ZIP 
III 


V-70 
70 ns 
130 ns 
45 ns 


V-80 
BO ns 
160 ns 
50 ns 


V-10 
100 ns 
190 ns 
60 ns 


"PD421000V-60L 
60 ns 
120 ns 
40 ns 
64 ms 
200 "A 


V-70L 
70 ns 
130 ns 
45 ns 


V-80L 
BO ns 
160 ns 
50 ns 


V-taL 
100 ns 
190 ns 
60 ns 


DC Characteristics 
TA = 0 to + 70·C; vcc 
= +5.0 V :!:10% 


Parameter 
Symbol 
Mln 
Max 
Unit 
Test Conditions 


Standby 
current 
ICC2 
2.0 
mA 
RAS = CAS = VIH 


1.0 
mA 
RAS = CAS« 
Vcc-0.2V 


Input leakage current 
II(l} 
-10 
10 
p.A 
V1N= 0 to 5.5 V; 
all other pins not under test = 0 V 


Output 
leakage current 
IO(L) 
-10 
10 
p.A 
DOUT disabled; 
VOUT = 0 to 5.5 V 


Output 
voltage, low 
VOL 
0 
0.4 
V 
IOl = 4.2 mA 


Output 
voltage, high 
VOH 
2.4 
VCC 
V 
IOH = -5 mA 


AC Characteristics 
TA = Oto 
+70·C; vcc 
= +5.0V 
:!:10% 


-60 
-70 
-80 
-10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Mln 
Max 
Min 
Max 
Unit 
Test Conditions 


Operating 
current, 
ICCt 
90 
80 
70 
60 
mA 
RAS, CAS cycling; 
average 
tRC = tRC min (Note 5) 


Operating 
current, 
ICC3 
90 
80 
70 
60 
mA 
RAS cycling; CAS = V1H; 


RAS-only refresh cycle, 
tRC = tRC mln (Note 5) 
average 


Operating 
current, 
ICC4 
80 
70 
60 
50 
mA 
RAS = V1l; CAS cycling; 


fast-page 
cycle, average 
tpc = tpc mln (Note 5) 


Operating 
current, 
Iccs 
90 
80 
70 
60 
mA 
RAS cycling; CAS before 
~ 
before RAS refresh 
RAS; tRC = tRC mln 
cycle, average 
(Note 5) 


Access time from 
tAA 
30 
35 
45 
50 
ns 
(Notes 7, 10, 13) 


column address 


Access time from CAS 
tACP 
35 
40 
45 
55 
ns 
(Notes 7, 13) 
precharge 
(rising edge) 


Column address hold 
tAR 
N/A 
N/A 
60 
70 
ns 
(Note 19) 


time referenced to RAS 


Column address 
tASC 
0 
0 
0 
20 
0 
20 
ns 
(Note 13) 
setup time 


Row address setup time 
tASR 
0 
0 
0 
0 
ns 


Column address to WE 
tAWD 
30 
35 
45 
50 
ns 
(Note 18) 
delay time 


Access time from ~ 
tCAC 
20 
20 
20 
25 
ns 
(Notes 7, 9, 10, 13) 
(falling 
edge) 


Column address 
tCAH 
15 
17 
20 
20 
ns 
hold time 


CAS" pulse width 
tCAS 
20 
10,000 
20 
10,000 
20 
10,000 
25 
10,000 
ns 


CAS" hold time for CAS 
tCHR 
15 
15 
15 
20 
ns 
before RAS refresh cycle 


CAS" precharge time, 
tcp 
10 
10 
10 
20 
10 
25 
ns 
(Note 13) 


fast-page 
cycle 


CAS" precharge time, 
tCPN 
10 
10 
10 
10 
ns 


nonpage cycle 


CAS"to RAS 
tCRP 
10 
10 
10 
10 
ns 
(Note 14) 
precharge time 
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AC Characteristics 
(cent) 


-60 
-70 
-80 
-10 


Parameter 
Symbol 
Mln 
Max 
Min 
Max 
Mln 
Max 
Min 
Max 
Unit 
Test Conditions 


CAS hold time 
tCSH 
60 
70 
80 
100 
ns 


CAS setup time for CAS 
tCSR 
10 
10 
10 
10 
ns 


before AAS refresh cycle 


CAS to WE delay 
tCWD 
20 
20 
20 
25 
ns 
(Note 18) 


Write command 
to 
lCWL 
15 
15 
15 
20 
ns 
CAS lead time 


Data-in hold time 
tOH 
15 
15 
20 
20 
ns 
(Note 17) 


Data-in hold time 
tOHR 
N/A 
N/A 
60 
70 
ns 
(Note 19) 
referenced to RAS 


Data-in setup time 
tos 
a 
a 
a 
a 
ns 
(Note 17) 


Output 
buffer 
tOFF 
a 
15 
a 
15 
a 
20 
a 
25 
ns 
(Note 11) 
turnoff 
delay 


Fast-page cycle time 
tpc 
40 
45 
50 
60 
ns 
(Note 6) 


Access time from AAS 
tRAG 
60 
70 
80 
100 
ns 
(Notes 7, 8) 


RAS to column address 
tRAO 
15 
30 
15 
35 
17 
35 
17 
50 
ns 
(Note 10) 
delay time 


Row address hold time 
tRAH 
10 
10 
12 
12 
ns 


Column address lead 
tRAL 
30 
35 
45 
50 
ns 
time referenced to RAS 
II 


(rising edge) 


RAS pulse width 
tRAS 
60 
10,000 
70 
10,000 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, 
tRASP 
60 
10,000 
70 
100,000 
80 
100,000 
100 
100,000 
ns 
fast-page 
cycle 


Random read or write 
tRC 
120 
130 
160 
190 
ns 
(Note 6) 
cycle time 


RAS to CAS delay time 
tRCO 
20 
40 
20 
50 
25 
60 
25 
75 
ns 
(Note 12) 


Read command 
hold 
tRCH 
a 
a 
a 
a 
ns 
(Note 15) 
time referenced to CAS 


Read command 
tRCS 
a 
a 
a 
a 
ns 
setup time 


Refresh period 
tREF 
8 
8 
8 
8 
ms 
Addresses Ao - As 


RAS precharge time 
tRP 
50 
50 
70 
80 
ns 


RAS precharge CAS 
tRPC 
10 
10 
a 
a 
ns 
hold time 


Read command 
hold 
tRRH 
10 
10 
10 
10 
ns 
(Note 15) 
time referenced to RAS 


RAS hold time 
tRSH 
20 
20 
20 
25 
ns 


Read-write cycle time 
tRWC 
145 
155 
190 
225 
ns 
(Note 6) 


RAS to WE delay 
tRwo 
60 
70 
80 
100 
ns 
(Note 18) 


Write command 
to 
tRWL 
20 
20 
25 
30 
ns 
RAS lead time 


Rise and fall 
tT 
3 
50 
3 
50 
3 
50 
3 
50 
ns 
(Note 4) 
transition 
time 


Write command 
tWCH 
15 
15 
15 
20 
ns 
hold time 
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Parameter 
Symbol 
Min 
Max 
Mln 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Write command 
hold 
tWCR 
N/A 
N/A 
55 
70 
ns 
(Note 19) 


time referenced to RAS 


Write command 
twcs 
0 
0 
0 
0 
ns 
(Note 18) 


setup time 


Write command 
twP 
15 
15 
15 
20 
ns 
(Note 16) 


pulse width 


AC Characteristics 
(cant) 


Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 I!S is required after power-up, followed by 
any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 
achieved. 


(3) AC measurements 
assume tT = 5 ns. 


(4) V1H(min) and VIL (max) are reference levels for measuring 
the 


timing 
of input signals. Transition 
times are measured 
between 
VIH and VIL' 


(5) 
ICC1' ICC3' ICC4, and Iccs depend on output 
loading and cycle 


rates. Specified values are obtained 
with the output open. ICC3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during 
RAS-oniy refresh cycles. 


ICC4 Is measured 
assuming 
that all column address inputs are 
switched 
only once during 
each fast-page cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 
time at which 
proper operation 
over the full temperature 
range 
(TA = 0 to + 70°C) is assured. 


(7) 
Load = 2 TTL (-1 mA, +4 mAl loads and 100 pF (VOH = 2.0 V, 
VOL = 0.8V). 


(8) Assumes that tRCO s 
tRCO (max) and tRAO s tRAO (max). If 
tRCO or tRAO is greater than the maximum 
recommended 
value 
in this table, tRAC increases 
by the amount that tRCO or tRAD 
exceeds the valu e shown. 


(9) Assumes that tRCO 2: tRCO (max) and tRAO s tRAO (max). 


(10) If tRAO 2: tRAO (max), then the access time is defined 
by tAA' 


(11) tOFF (max) defines the time at which 
the output 
achieves the 
open-circuit 
condition 
and is not referenced to VOH or VOL' 


(12) Operation 
within 
the tRCO (max) limit assures that tRAG (max) 


can be met. tRCO (max) is specified 
as a reference point only; if 
tRCO is greater than tRco (max), then access time is controlled 
exclusively 
by tCAC' 


CAS and Column 
Address 
Input Conditions 


tep s tep (max), tASC 2: tcp 


tcp 
s tcp 
(max), tASC s tcp 


tcp 
2: tcp 
(max), tASC s tASC (max) 


tcp 
2: tcp 
(max), tASC 2: tcp 


Access 
Time Definition 


tACP 


tAA 


tAA 


tCAC 


(14) The tCRP requirement 
should be applicable 
for RAS/CAS cycles 


preceded by any cycle. 


(15) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(16) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. 
For early 
write 
operation, 


both twcs 
and tWCH must be met. 


(17) These parameters 
are referenced to the fal~ 
edge of CAS 'for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(18) twcs, 
tRWO' tcwo, 
and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-modiiy-write 
cycles only. If twcs 
2: twcs 


(min), the cycle is an early write cycle and the data output will 
remain open-circuitthroughoutthe 
entire cycle. If tcwo 
2: tcwo 
(min), tRwO 2: tRwO (min), and tAWD 2: tAWO (min), the cycle is 
a read-write cycle and the data output will contain data read from 
the selected 
cell. If neither of the above conditions 
is met, the 


condition 
of the data output 
pin (at access time and until CAS 


returns to V1H)is indeterminate. 


(19) This 
parameter 
is 
not 
needed 
for 
the 
I'PD421000-60 
and 


I'PD421000-70. 
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Low Power Battery 
Backup (-L Versions Only) 


The /LPD421000-L is capable of low power battery 
backup during times of reduced system power, when the 
input buffers and all nonessential internal circuits are 
turned off. For the input buffers to be turned off and the 
amount of leakage current flowing through them re- 
duced, the /LPD421000-Lmust be in standby and all 
control 
lines within 
0.2 V of either Vcc or GND, as 


appropriate. When RASand CAS are both within 0.2 Vof 
Vcc, the internal circuits are inactive and power require- 
ments reduced evenfurther. Standby current can drop as 
low as 200 /LA. 


Battery Backup Current 


Symbol 
Max 


ICC6 
200 


CAS before RAS refresh cycles are executed at a mini- 
mum rate to ensure that all 512 rows are refreshed only 
once every 64 ms. Thetime that RASis low (tRASland the 
/LPD421000-Lactive needs to be as short as possible, 
typically 
less than 300 ns, to minimize power usage 


during refresh operation. The following table shows the 
conditions 
under which the lowest average standby 


current can be obtained. 


~ 
Before 
RAS Refresh 
Cycle 


tRAS 
S 300 ns 


tRAS 
., 300 ns and 
S 1 1J.s 


Standby 
Conditions 
R7iS= CAS" ., Vcc- 0.2 V;OE., Vcc- 0.2 V; 
WE = Addresses., Vcc- 0.2 Vor S 0.2 V;I/O 
., Vcc - 0.2 V or S 0.2 V or high-Z 


Timing Waveforms 


Read Cycle 


RAS 
'''I 


IE 


I 


tRSH 
lRP 
tCRP 
I 


/. 
tCSH 


tRCD 
I 
tCAS 


I 


CAS 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write 
Cycle 


RAS 
'AAi 


ICRP 
I~ 
I 
IRSH 
IRP 
I 
ICSH 


IRCO 
I 
ICAS 


I 
CAS 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


- -{'~' 


CAS 
'~')~------ 


Nol.: 


[1J WE and Address _ don'l care. 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 


RA5-0nly Refresh Cycle 


''''10- 
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Timing Waveforms (cant) 


Fast-Page Read Cycle 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
'''l 


Timing Waveforms (cant) 


Fast-Page Read-Write/Read-Modify-Write 
Cycle 
"'l 
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pPD421001 


1,048,576 x 1·Bit 


Dynamic CMOS RAM 


Description 


The pPD421001 is a 1,048,576-word by 1-bit dynamic 
RAM designed with a nibble mode and to operate from 
a single + 5-volt power supply. Advanced polycide tech- 
nology using trench capacitors minimizes silicon area 
and provides high storage cell capacity, high perfor- 
mance, and high reliability. A single-transistor dynamic 
storage cell and advanced CMOS circuitry throughout 
ensure minimum power dissipation, while an on-chip 
circuit generates the negative-voltage substrate bias- 
automatically 
and transparently. 


The three-state output is controlled 
by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
Data output is returned to high impedance by returning 
CAS high. The device is capable of executing nibble 
read and write cycles by cycling CAS. 


Refreshing may be accomplished 
by means of CAS 


before RAS cycles that internally generate the refresh 
address. 
Refreshing can 
also 
be accomplished 
by 
means of RAS-only refresh cycles or by normal read or 
write cycles on the 512 address combinations 
of Ao 
through As during an 8-ms period. 


Features 


o 1,048,576-word by 1-bit organization 
o Single +5-volt ±10% power supply 
o Nibble option 
o Low power dissipation 
- 
90 mA max (active) for 60 ns version 
-1 
mA max (standby) 


o CAS before RAS refresh cycles 
o Multiplexed address inputs 
o On-Chip substrate bias generator 
o Nonlatched, three-state outputs 
o Low input capacitance 
o TTL-compatible inputs and outputs 
o 512 refresh cycles every 8 ms 
o High-density 18-pin plastic DIP,26/20-pin plastic 
SOJ, or 20-pin plastic ZIP packaging 


Pin Configurations 


18-Pin Plastic DIP 


GND 
Dour 


CAS 
Ag 


AS 


A7 


A6 


AS 


A4 


GND 


DOUT 


CAS 
NC 


Ag 


Ag 
1 '" 
DOUT 
3 :::'::: 
2 
CAS 
DIN 
5 :::'::: 
4 
GND 
, :: 6 
WE 


] :~::1~'1; ? 


Vcc 
15 ::: 
3 


As 
17 ::~ ~:; ~: 
~4 
A7 
19 ::: 
6 
,::: 
2J As 


NEe 


Q; 
DIN 


1n", 


Datava Bus 
~J 
:;:~ 


Column 
Decoder 
!jj" 
_c 
DOUT 
:0'" 
.;. 


SenseAmplifier 


AO 
A, · 
Q; 
A2 · 
'" 
Q; 
~ 
" 
Aa · 


<Xl 
8 
'" 
A4 · 


:g. 
'"!" 
~ 
MemoryArray 
:; 
" 
AS · 
~ 
" 
3 
< 
0 
AS · 
a: 


A7 · 
AS · 
Ag 


a31H-6302B 


Ordering Information 


RASAccess 
R/WCycle 
Nibble 
Cycle 
Part Number 
Time (max) 
Time (max) 
(max) 
Package 


pPD421001C-60 
60 ns 
120 ns 
40 ns 
1S-pln plastic DIP 


C-70 
70 ns 
130 ns 
40 ns 


C-80 
80 ns 
160 ns 
40 ns 


C-10 
100 ns 
190 ns 
45 ns 


pPD421001 LA-50 
60 ns 
120 ns 
40 ns 
26/20-pln 
plastic SOJ 


LA-70 
70 ns 
130 ns 
40 ns 


LA-SO 
SO ns 
160 ns 
40 ns 


LA-10 
100 ns 
190 ns 
45 ns 


pPD421001V-60 
60 ns 
120 ns 
40 ns 
20-pln 
plastic ZIP 


V-70 
70 ns 
130 ns 
40 ns 


V-SO 
80 ns 
160 ns 
40 ns 


V-10 
100 ns 
190 ns 
45 ns 


NEe 


Name 
Function 


Ao-Ag 
Address inputs 


DIN 
Data input 


DouT 
Data output 


RAS 
Row address st robe 


CAS 
Column address strobe 


WE 
Write enable 


GND 
Ground 


VCC 
+5-volt 
power supply 


NC 
No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND, VT 


Operating 
temperature, 
TOPA 


Storage temperature, 
TSTG 


Short-circuit 
output current, los 


Power dissipation, 
PD 


-1.0to 
+7.0 V 


o to +70"C 


-55 to +125·C 


50mA 


1.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated within 
the limits specified 


under DC and AC Characteristics. 


DC Characteristics 
TA = 0 to + 70·C; Vcc = + 5.0 V :!:10% 


Capacitance 
TA = 25 ·C; f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


Input capacitance 
Cll 
6 
pF 
Address, DIN 


CI2 
8 
pF 
RAS, CAS, WE 


Output 
capacitance 
CD 
7 
pF 
DOUT 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, low 
VIL 
-1.0 
0.8 
V 


Input voltage, high 
VIH 
2.4 
Vcc + 
1.0 
V 


Ambient temperature 
TA 
0 
70 
·C 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Standby 
current 
ICC2 
2.0 
mA 
RAS = CAS = VIH 


1.0 
mA 
RAS = CAS = VCC - 0.2 


Input leakage current 
II(L) 
-10 
10 
pA 
VIN = 0105.5 
V; 


all other pins not under test = 0 V 


Output 
leakage current 
10(L) 
-10 
10 
pA 
DOUT disabled; 
VOUT = 0 to 5.5 V 


Output voltage, low 
VOL 
0.4 
V 
10L = 4.2 mA 


Output voltage, high 
VOH 
2.4 
V 
10H = -5 mA 


II 


AC Characteristics 
TA = 0 to +70°C; VCC = + 5.0 V ±10% 


-60 
-70 
-80 
-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Operating 
current, 
ICCI 
90 
80 
70 
60 
mA 
RAS, CAS cycling; 


average 
tRC = tRC min (Note 5) 


Operating 
current, 
ICC3 
90 
80 
70 
60 
mA 
RAS cycling; CAS = VIH; 


RAS-only refresh 
tRC = tRC min (Note 5) 


cycle, average 


Operating 
current, 
ICC4 
80 
70 
60 
50 
mA 
RAS = VIL; CAS cycling; 


nibble cycle, average 
tNC = tNC min (Note 5) 


Operating 
current, 
ICC5 
90 
80 
70 
60 
mA 
RAS cycling; 
CAS before 


CAS before RAS 
RAS; tRC = tRC mln 
refresh cycle, average 
(Note 5) 


Access time from 
tAA 
30 
35 
45 
50 
ns 
(Notes 7, 10) 


column address 


Column address hold 
tAR 
N/A 
N/A 
60 
70 
ns 
(Note 18) 
time referenced to 
RAS 


Column address 
tASC 
0 
0 
0 
0 
ns 
setup time 


Row address setup 
tASR 
0 
0 
0 
0 
ns 
time 


Column address to 
tAWO 
30 
35 
45 
50 
ns 
(Note 17) 
WE delay time 


Access time from CAS 
tCAC 
20 
20 
20 
25 
ns 
(Notes 7, 9, 10) 
(faUing edge) 


Column address 
tCAH 
15 
17 
20 
20 
ns 
hold time 


CAS pulse width 
tCAS 
20 
10,000 
20 
10,000 
20 
10,000 
25 
10,000 
ns 


CAS hold time for 
tCHR 
15 
15 
15 
20 
ns 
CAS before RAS 
refresh cycle 


CAS precharge time 
tCPN 
10 
10 
10 
10 
ns 


CASto 
RAS 
tCRP 
10 
10 
10 
10 
ns 
(Note 13) 
pre charge time 


CAS hold time 
tCSH 
60 
70 
80 
100 
ns 


CAS setup time for 
tCSR 
10 
10 
10 
10 
ns 
CAS before RAS 
refresh cycle 


CAS to WE delay 
tcwo 
20 
20 
20 
25 
ns 
(Note 17) 


Write command to 
tCWL 
15 
15 
15 
20 
ns 
CAS lead time 


Data-in hold time 
tOH 
15 
15 
20 
20 
ns 
(Note 16) 


Data-in hold time 
tOHR 
N/A 
N/A 
60 
70 
ns 
(Note 18) 
referenced to RAS 


Data-In setup time 
tos 
0 
0 
0 
0 
ns 
(Note 16) 


Nibble access time 
tNAC 
20 
20 
20 
25 
ns 
(Note 7) 


NEe 
pPD421001 


AC Characteristics 
(cont) 


-60 
-70 
-80 
-10 


Parameter 
Symbol 
Min 
Max 
Mln 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


CAS pulse width 
tNAS 
20 
10,000 
20 
10,000 
20 
10,000 
25 
10,000 
ns 


(nibble cycle) 


Nibble cycle time 
tNC 
40 
40 
40 
45 
ns 
(Note6) 


CAS to WE delay 
tNCWO 
20 
20 
20 
25 
ns 
(Note 17) 
(ni bble cycle) 


Write command 
to CAS 
tNCWL 
15 
15 
20 
25 
ns 


lead time (nibble cycle) 


CAS precharge 
tNP 
10 
10 
10 
10 
ns 


(nibble cycle) 


RAS hold time 
tNRRSH 
20 
20 
20 
25 
ns 


(nibble reed cycle) 


RAS hold time 
tNWRSH 
20 
20 
20 
25 
ns 


(nibble write cycle) 


Output 
buffer 
tOFF 
0 
15 
0 
15 
0 
20 
0 
25 
ns 
(Note 11) 
turnoff 
delay 


Access time from RAS 
tRAC 
60 
70 
80 
100 
ns 
(Notes 7,8) 


RAS to column address 
tRAO 
15 
30 
15 
35 
17 
35 
17 
50 
ns 
(Note 10) 
delay time 


Row address hold time 
tRAH 
10 
10 
12 
12 
ns 
II 


Colum n address lead 
tRAL 
30 
35 
45 
50 
ns 


time referenced to RAS 
(rising 
edge) 


RAS pulse width 
tRAS 
60 
10,000 
70 
10,000 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, nibble 
tRASP 
60 
100,000 
70 
100,000 
80 
100,000 
100 
100,000 
ns 


cycle 


Random read or write 
tRC 
120 
130 
160 
190 
ns 
(Note 6) 
cycle time 


RAS to CAS delay time 
tRCO 
20 
40 
20 
50 
25 
60 
25 
75 
ns 
(Note 12) 


Read com mand hold 
tRCH 
0 
0 
0 
0 
ns 
(Note 14) 
time referenced to CAS 


Read command 
tRCS 
0 
0 
0 
0 
ns 
setup time 


Refresh period 
tREF 
8 
8 
8 
8 
ms 
Addresses Ao - As 


RAS pre charge time 
tRP 
50 
50 
70 
80 
ns 


RAS precharge 
CAS 
tRPC 
10 
10 
0 
0 
ns 
hold time 


Read command 
hold 
tRRH 
10 
10 
10 
10 
ns 
(Note 14) 
time referenced to RAS 


RAS hold time 
tRSH 
20 
20 
20 
25 
ns 


Read-write cycle time 
tRWC 
145 
155 
190 
225 
ns 
(Note 6) 


RAS to WE delay 
tRWO 
60 
70 
80 
100 
ns 
(Note 17) 


Write command 
to 
tRWL 
20 
20 
25 
30 
ns 
RAS lead time 


"PD421001 
tttfEC 


AC Characteristics 
(cant) 


-60 
-70 
-80 
-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Min 
Max 
Unit 
Test Conditions 


Rise and fall 
tT 
3 
50 
3 
50 
3 
50 
3 
50 
ns 
(Note 4) 
transition 
time 


Write command 
tWCH 
15 
15 
15 
20 
ns 


hold time 


Write command 
hold 
tWCR 
N/A 
N/A 
55 
70 
ns 
(Note 18) 
time referenced to RAS 


Write command 
twcs 
0 
0 
0 
0 
ns 
(Note 17) 
setup time 


Write command 
twP 
15 
15 
15 
20 
ns 
(Note 15) 


pulse width 


Notes: 


(1) All voltages 
are referenced to GND. 


(2) An initial pause of 100 ps is required after power-up, followed by 
any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 
achieved. 


(3) AC measurements 
assume tT = 5 ns. 


(4) VIH (min) and VIL (max) are reference levels for measuring 
the 
timing 
of input signals. Transition 
times are measured between 
VIH and V1L· 


(5) 
ICC1' ICC3, ICC4, and ICC5 depend on output 
loading and cycle 


rates. Specified 
values are obtained 
with the output open. ICC3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
ICC4 is measured assuming 
that all column address inputs are 


switched 
only once during each nibble cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 


time at which 
proper operation 
over the full temperature 
range 
(fA = 0 to + 70"C) is assured. 


(7) 
Load = 2 TTL (-1 mA, +4 mAl loads and 100 pF (VOH= 2.0 V, 
VOL = 0.8 V). 


(8) Assumes that tRCD s 
tRCD (max) and tRAD s 
tRAD (max). If 
tRCD or tRAD is greater than the maximum 
recommended 
value 
in this table, tRAC increases by the amount that tRCD or tRAD 
exceeds the value shown. 


(9) Assumes that tRCD 2: tRCD (max) and tRAD s tRAD (max). 


(10) If tRAD 2: tRAD (max), then the access time is defined 
by tAA' 


(11) tOFF (max) defines the time at which 
the output 
achieves the 


open-circuit 
condition 
and is not referenced to VOH or VOL. 


(12) Operation 
within 
the tRCD (max) limit assures that tRAC (max) 


can be met. tRCD (max) is specified 
as a reference point only; if 


tRcD is greater than tRCD (max), then access time is controlled 
exclusively 
by tCAC' 


(13) The tCRP requirell)ent 
should be applicable 
for RAS/CAS cycles 


preceded 
by any cycle. 


(14) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(15) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. 
For early 
write 
operation, 


both twcs 
and tWCH must be met. 


(16) These parameters 
are referenced to the fal.!i!!g edge of CAS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(17) twcs, 
tRWD, tCWD, and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-modify-write 
cycles only. Iftwcs 
2: twcs 


(min), the cycle is an early write cycle and the data output 
will 


remain open-circuit 
throughout 
the entire cycle. If tCWD 2: tCWD 


(min), tRWD 2: tRWD (min), and tAWD 2: tAWD (min), the cycle is 
a read-write 
cycle and the data output 
will contain 
data read 


from the selected cell. If neither of the above conditions 
is met, 


the condition 
of the data output 
pin (at access time and until 


CAS returns to VIH) is indeterminate. 


(18) This 
parameter 
is 
not 
needed 
for 
the 
pPD421001-60 
and 


pPD421DOl-70. 
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Timing Waveforms 


Read Cycle 


I 
I 
tCSH 
I 


II 


Timing Waveforms (cont) 


Early Write Cycle 


RAS 
'AAj 


I~ 
I 
tRSH 
I 
tCSH 


tRCD 
I 
ICAS 


I 
CAS 


I 
I 


~tDH3e 


V~id Data 
~ 
II/JIll!III1///II1//1//1///II 


------tDHR 
~ 


Timing Waveforms (cant) 


Relld-Write/Relld-Modify-Write 
Cycle 


I 
I 
tCSH 


I 


I 
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Timing Waveforms (cant) 


CAS Before RAS Refresh Cycle 


- -{'~' 


CAS 


Note: 


[1J WE and Address - don't care. 


-=f~' 
CAS 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle 


IRC 


/I!!II!I/////I /II/lJZ 


I 
I 
I 
I 
I 


IRCS~ 
Tl 
~tRRH~ 


WE -m-m-//;;-vr 
Yll//////&1/II/II /II /IIII///; 
L 
,~C 
J 


"'~ 'm"'Moo 
,~ 
, 
'~I 


Valid D;ta 
}--- 


Timing Waveforms (cont) 


Nibble Read Cycle 


'''I 


I 
I 


tCAS 


I 


The /lPD421001 
is capable of executing 
nibble read, 


write, or read-modify-write cycles. Nibble mode allows 
high-speed serial access of maximum of 4 data bits. The 
first 
bit is determined 
by the row and column 
ad- 


dresses, and the next bits are accessed automatically 


by cycling CAS while RAS is held low. The addresses of 
nibble bits are determined by the combination 
of row 


address Ag and column address Ag in the following 
sequence. 


Row Address 
Column 
Address 


Sequence 
Nibble 
Bit 
Ag 
As 
A7 
As 
As 
A., 
A3 
A2 
A1 
Ao 
Ag 
As 
A7 
As 
As 
A4 
A3 
A2 
A1 
Ao 
Comment 


RAS/CAS 
0 
0 
1 
0 
0 
0 
1 
0 
1 
0 
0 
1 
1 
0 
1 
0 
1 
0 
0 
0 
Example: external 
address input 


CAS cycling 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Internal address 


CAS cycling 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
generated 


CAS cycling 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


CAS cycling 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Repeated sequence 


6-66 
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Timing Waveforms (cont) 


Nibble Early Write Cycle 


II 


tvEC 


Timing Waveforms (cant) 


Nibble Relld-Write/Relld-Modify-Write 
Cycle 
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pPD421002 


1,048,576 x 1·Bit 


Dynamic CMOS RAM 


Description 


The /LPD421002is a static-column dynamic RAM orga- 
nized as 1,048,576 words by 1 bit and designed to 
operate from a single +5-volt power supply. Advanced 
polycide technology using trench capacitors minimizes 
silicon area and provides high storage cell capacity, high 
performance, and high reliability. A single-transistor dy- 
namic storage cell and advanced CMOScircuitry ensure 
minimum power dissipation, while an on-chip circuit 
internally 
generates 
the 
negative-voltage 
substrate 


bias-automatically 
and transparently. 


The three-state output is controlled by CS independent 
of RAS.After a valid read or read-modify-write cycle, data 
is held on the output by holding CS low. The data output 
is returned to high impedance by returning CS high. 
Static-column read and write cycles may be executed by 
switching the column address inputs. 


Refreshing may be accomplished 
by means of a CS 


before RAS cycle that internally generates the refresh 
address. Refreshingcan also be accomplished by means 
of RAS-only refresh cycles or by normal read or write 
cycles on the 512 address combinations of Aothrough As 
during an 8-ms refresh period. 


o 1,048,576-word by l-bit organization 
o Single +5-volt ±10% power supply 
o Static-column option 
o Low power dissipation 


- 70 mA max (active) for 80 ns version 
- 
1 mA max (standby) 


o CS before RAS refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o Nonlatched, three-state outputs 
o Low input capacitance 
o TTL-compatible inputs and outputs 
o 512 refresh cycles every 8 ms 
o High-density 18-pin plastic DIP,26/20-pin plastic 


SOJ, or 20-pin plastic ZIP packaging 


GND 


DOUT 
Cs 


Ag 


Aa 


A7 


A6 


AS 


A4 


GND 


DOUT 
Cs 


NC 


Ag 


NEe 


AO 
A, · 
A2 · 


Ii; 


~ 
'5 


A3 · 


<Xl 
0 
A4 · 


:g. 
0~ 


AS · 
~ 
"" 
A6 · 
< 


A7 · 
As · 
Ag 


Name 
Function 


A,j-Ag 
Address inputs 


DIN 
Data input 


DOUT 
Data output 


RAS 
Row address strobe 


CS 
Chip select 


WE 
Write enable 


GND 
Ground 


Vcc 
+5-volt 
power supply 


NC 
No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output 
current, 
los 


Power dissipation, 
PD 


-1.Dto 
+7.DV 


D to +7D'C 


-55 to +125'C 


50mA 


1.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device shouid 
be operated within 
the limits 
specified 


under DC and AC Characteristics. 


t-rEC 


Ordering Information 


RAS Access 
R/W Cycle 
Static-Column 


Part Number 
Time (max) 
Time (max) 
Access 
(max) 


pPD421OO2C-60 
60 ns 
120 ns 
35 ns 


C-70 
70 ns 
130 ns 
40 ns 


C-80 
80 ns 
160 ns 
50 ns 


C-10 
100 ns 
190 ns 
60 ns 


pPD421002LA-60 
60 ns 
120 ns 
35 ns 


LA-70 
70 ns 
130 ns 
40 ns 


LA-80 
80 ns 
160 ns 
50 ns 


LA-10 
100 ns 
190 ns 
60 ns 


pPD421OO2V-60 
60 ns 
120 ns 
35 ns 


V-70 
70 ns 
130 ns 
40 ns 


V-80 
80 ns 
160 ns 
50 ns 


V-10 
100 ns 
190 ns 
60 ns 


Package 


20-pin 
plastic 
DIP 


DC Characteristics 
TA = 0 to +70"C; vcc 
= +5.0 V ±10% 


Parameter 
Symbol 


Standby 
current 
ICC2 


Mln 
Typ 
Max 
Unit 
Test Conditions 


3.0 
mA 
RAS = CS = VIH 
II 


1.0 
mA 
RAS = CS = Vcc - 0.2 


-10 
10 
pA 
V1N= 0 V to Vcc; 
all other pins not under test = 0 V 


-10 
10 
pA 
Dour 
disabled; 
Your = 0 V to Vcc 


0.4 
V 
IOl = 4.2 mA 


2.4 
V 
IOH = -5mA 


Input leakage current 
II(ll 


Output 
leakage current 
10(ll 


Output 
voltage, 
low 
VOL 


Output 
voltage, 
high 
VOH 


Capacitance 
TA = 25°C; f = 1 MHz 


Parameter 


Input capacitance 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Symbol 
Max 
Unit 
Pins Under Test 
Input voltage, 
high 
VIH 
2.4 
Vcc 
+ 
1.0 
V 


CI1 
6 
pF 
Address, DIN 
Input voltage, 
low 
Vil 
-1.0 
0.8 
V 


CI2 
8 
pF 
RAS, CS, WE 
Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 
Co 
7 
pF 
Dour 
Ambient temperature 
TA 
0 
70 
°c 


"PD421002 
NEe 


AC Characteristics 


TA = 0 to + 70·C; 
vcc 
= + 5.0 V :tl0% 


-60 
-70 
-80 
-10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test 
Conditions 


Operating 
current, 
average 
ICCI 
90 
80 
70 
60 
mA 
RAS, CS cycling; 


tRC = tRC min 
(Note 
5) 


Operating 
current, 
ICC3 
90 
80 
70 
60 
mA 
RAS cycling; 
CS = VIH; 


RAS- only 
refresh 
cycle, 
tRC = tRC min 
(Note 
5) 


average 


Static 
column 
operating 
ICC4 
80 
70 
60 
50 
mA 
RAS = Vll; 
CS = V1l; 


current, 
average 
addresses 
cycling; 
tRSC 
= tRSC min or twsc 
= 


twsc 
min 
(Note 5) 


Operating 
current, 
Iccs 
90 
80 
70 
60 
mA 
RAS cycling; 
CS before 


CS before 
RAS refresh 
cycle, 
RAS; tRC = tRC min 
average 
(Note 5) 


Access 
time 
from 
tAA 
30 
35 
45 
50 
ns 
(Notes 
7, 10) 


column 
address 


RAS to column 
address 
hold 
tAH 
15 
15 
15 
15 
ns 


time 


Column 
address 
hold time 
tAR 
N/A 
N/A 
80 
100 
ns 
(Note 
18) 
referenced 
to RAS 


Column 
address 
tASC 
0 
0 
0 
0 
ns 
setup 
time 


Row address 
setup 
time 
tASR 
0 
0 
0 
0 
ns 


Column 
address 
to WE delay 
tAWD 
30 
35 
45 
50 
ns 
(Note 
17) 
time 


Column 
address 
hold time 
tAWR 
N/A 
N/A 
60 
60 
ns 


rererenced 
to RAS (write 


cycle) 


Access 
time 
from 
CS (falling 
tCAC 
20 
20 
20 
25 
ns 
(Notes 
7, 9, 10) 
edge) 


Column 
address 
tCAH 
15 
17 
20 
20 
ns 


hold time 


CS hold 
time 
for CS before 
tCHR 
15 
15 
15 
20 
ns 
RAS refresh 
cycle 


CS precharge 
time 
tcp 
10 
10 
10 
10 
ns 


CS to RAS precharge 
time 
tCRP 
10 
10 
10 
10 
ns 
(Note 
13) 


CS pulse 
width 
tcs 
20 
100,000 
20 
100,000 
20 
100,000 
25 
100,000 
ns 


CS hold 
time 
tCSH 
60 
70 
80 
100 
ns 


CS setup 
time 
for CS before 
tCSR 
10 
10 
10 
10 
ns 


RAS refresh 
cycle 


CS to WE delay 
tCWD 
20 
20 
20 
25 
ns 
(Note 
17) 


Write 
command 
to 
tCWl 
15 
15 
15 
20 
ns 


CS lead time 


Data-in 
hold 
time 
tDH 
15 
15 
20 
20 
ns 
(Note 
16) 


Data-in 
hold 
time 
referenced 
tOHR 
N/A 
N/A 
60 
70 
ns 
(Note 
18) 
to RAS 


Data-in 
setup 
time 
tDS 
0 
0 
0 
0 
ns 
(Note 
16) 


NEe 
,.,PD421002 


AC Characteristics 
(cent) 


-60 
-70 
-80 
-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Output 
buffer turnoff 
delay 
tOFF 
0 
15 
0 
15 
0 
20 
0 
25 
ns 
(Note 11) 


Output 
hold time 1rom 
toH 
5 
5 
5 
5 
ns 


address 


Output 
hold time from WE 
tOHW 
10 
10 
10 
10 
ns 


Access time from previous 
tpwA 
60 
70 
90 
110 
ns 
(Notes 7, 18) 
WE (falling 
edge) 


Column address hold time 
tpwH 
60 
70 
90 
110 
ns 


from previous WE (falling 
edge) 


Access time from RAS 
tRAC 
60 
70 
60 
100 
ns 
(Notes 7,8) 


RAS to column address 
tRAD 
15 
30 
15 
35 
17 
35 
17 
50 
ns 
(Note 10) 


delay time 


Row address hold time 
tRAH 
10 
10 
12 
12 
ns 


Column address lead 1ime 
tRAL 
30 
35 
45 
50 
ns 


referenced to RAS (rising 
edge) 


RAS pulse width 
tRAS 
60 
10,000 
70 
10,000 
80 
10,000 
100 
10,000 
ns 


Static-column 
R7iS pulse 
tRASC 
60 
100,000 
70 
100,000 
80 
100,000 
100 
100,000 
ns 


width 


Random read or write cycle 
tRC 
120 
130 
160 
190 
ns 
(Note 6) 
II 


time 


R7iS to CS delay time 
tRCD 
20 
40 
20 
50 
25 
60 
25 
75 
ns 
(Note 12) 


Read command 
hold time 
tRCH 
0 
0 
0 
0 
ns 
(Note 14) 


referenced to CS 


Read command 
setup time 
tRCS 
0 
0 
0 
0 
ns 


Refresh period 
tREF 
8 
8 
8 
8 
ms 
Addresses Ao • As 


R7iS precharge time 
tRP 
50 
50 
70 
80 
ns 


R7iS precharge CS hold time 
tRPC 
10 
10 
0 
0 
ns 


Read command 
hold time 
tRRH 
10 
10 
10 
10 
ns 
(Note 14) 


referenced to R7iS 


Static-column 
read cycle 
tRSC 
35 
40 
50 
60 
ns 
(Note 6) 


time 


R7iS hoid time 
tRSH 
20 
20 
20 
25 
ns 


RAS to second WE delay 
tRSW 
75 
85 
95 
115 
ns 


Read-write cycle time 
tRWC 
145 
155 
190 
225 
ns 
(Note 6) 


RAS to WE delay 
tRWD 
60 
70 
80 
100 
ns 
(Note 17) 


AC Characteristics 
(cant) 


-60 
-70 
-80 
-10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Write command 
to RAS lead 
tRWL 
20 
20 
25 
30 
ns 
time 


Static-column 
read-write 
tRwSC 
65 
75 
95 
115 
ns 
(Note 6) 


cycle time 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
3 
50 
3 
50 
ns 
(Note 4) 


Previous WE (falling 
edge) 
tWAD 
20 
30 
22 
35 
20 
45 
25 
55 
ns 
(Note 18) 
to column address delay 
time 


Write command 
hold time 
tWCH 
15 
15 
15 
20 
ns 


Write command 
hold time 
tWCR 
N/A 
N/A 
55 
70 
ns 
(Note 18) 


referenced to RAS 


Write command 
setup time 
twcs 
0 
0 
0 
0 
ns 
(Note 17) 


Write invalid time 
tWI 
10 
10 
10 
10 
ns 


Write command 
pulse width 
twP 
15 
15 
15 
20 
ns 
(Note 15) 


Static-column 
write cycle 
twsc 
35 
40 
50 
60 
ns 
(Note 6) 
time 


Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 "s is req uired after power-up, followed 
by 
any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 
achieved. 


(3) AC measurements 
assume tT = 5 ns. 


(4) V1H(min) and V1L(max) are reference levels for measuring 
the 
timing 
of input signals. Transition 
times are measured between 
V1Hand V1L. 


(5) ICCt, ICC3. ICC4' and ICC5 depend on output 
loading and cycle 
rates. Specified 
values are obtained 
with the output open. ICC3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
ICC4 is measured 
assuming 
that all column address inputs are 
switched 
only once during 
each fast-page cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 
time at which 
proper operation 
over the full temperature 
range 
(fA = 0 to + 70'C) is assured. 


(7) 
Load = 2 TTL (-1 mA. +4 mAl loads and 100 pF (VOH = 2.0 V. 
VOL = 0.8V). 


(8) Assumes that tRCD 
:5 tRCD (max) and tRAD 
:5 tRAD (max). If 
tRCD or tRAD is greater than the maximum 
recommended 
value 
in this table, tRAC increases 
by the amount that tRCD or tRAD 
exceeds the value shown. 


(9) Assumes that tRCD ;" tRCD (max) and tRAD s tRAD (max). 


(10) If tRAD ;" tRAD (max), then the access time is defined 
by tAA. 


(11) tOFF (max) defines the time at which the output 
achieves the 
open-circuit 
condition 
and is not referenced to VOH or VOL. 


(12) Operation 
within 
the tRCD (max) limit assures that tRAC (max) 


can be met. tRCD (max) is specified 
as a reference point only; if 


tRCD is greater than tRCD (max), then access time is controlled 
exclusively 
by tCAC' 


(13) The tCRP requirement 
should 
be applicable 
for RAS/CS cycles 


preceded by any cycle. 


(14) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(15) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. 
For early 
write 
operation, 


both twcs 
and tWCH must be met. 


(16) These parameters 
are referenced to the falling 
edge of CS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(17) twcs. 
tRWD, tcwD, 
and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-modify-write 
cycles only. If twcs 
;" twcs 


(min), the cycle is an early write cycle and the data output 
will 


remain open-circuit 
throughout 
the entire cycle. If tcwD 
;" tcwD 


(min), tRWD ;" tRWD (min), and tAWD ;" tAWD (min), the cycle is 
a read-write cycle and the data output will contain data read from 
the selected 
cell. If neither of the above conditions 
is met, the 


condition 
of the data output 
pin (at access time and until CS 


returns to V1H)is indeterminate. 


(18) This 
parameter 
is 
not 
needed 
for 
the 
"PD421002-60 
and 


"PD421002-70. 


(19) If tWAD stWAD (max), then access time is defined 
by tpWA' 


Timing 
Waveforms 


Read Cycle 


t-rEC 


Timing Waveforms (cont) 


Early Write Cycle 


RAS 
''"'I 


1< 


I 
tASH 
I 
lCSH 


tACO 
I 
tcs 


I 
CS 


~ 


Column 
Address 


lWCS~ 


1 


1WP 


I 
~i: 
~'O"3e 
DIN ..,...,...,m........-!lj~7t~m~II~~/1t< 
Valid Data 
Y,....,....,..7/..,...,...,7/;; 
71~~!;;~71~,....,....,..~..,...,...,m 
!lj~!I~71~~7i 


~ 
lDHA--· 


NEe 


Timing Waveforms (cant) 


Read-Write/Read-Modify-Write 
Cycle 


I 
I 
tCSH 
I 


Timing Waveforms (cant) 


RA5-0nly Refresh Cycle 


IRC 


tRAS 
.-tRP 


\ 


ICRP~ 
+-IRPCb 


Note: 


[1] WE~VIH' 


Noto: 


[lJ 
WE and Address 
= don't care, 


t-rEC 


Timing Waveforms (cont) 


Hidden Refresh Cycle 


ttlEC 


Timing Waveforms (cont) 


Static-Column Read Cycle 


NEe 


IRSW-- 
__ »I 


I 
I 


I 


Notes: 


[lJ 
DOur- 
high Impedance. 


NEe 


Timing Waveforms (cont) 


Static-Column Read-Write!Read-Modify-Write Cycle 


NEe 
NEe Electronics Inc. 


pPD424256 


262,144 x 4·Bit 


Dynamic CMOS RAM 


Description 


The /LPD424256is a fast-page dynamic RAM organized 
as 262,144words by 4 bits and designed to operate from 
a single +5-volt power supply. Advanced polycide tech- 
nology using trench capacitors minimizes silicon area 
and provides high storage cell capacity, high perfor- 
mance, and high reliability. A single-transistor dynamic 
storage cell and advanced CMOS circuitry throughout 
ensure minimum power dissipation, while an on-chip 
circuit 
generates the negative-voltage substrate bias 


automatically and transparently. 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS.After a valid read or read-modify-write cycle, 
data is held on the outputs by maintaining CAS low. The 
data outputs are returned to high impedance by return- 
ing CAS high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle whereby the refresh addresses are 
internally generated. Refreshing may also be accom- 
plished by means of RAS-only refresh cycles or by 
normal read or write cycles on the 512 address combi- 
nations of Ao through As during an 8-ms refresh period 
(64 ms for -L versions). 


o 262,144-wordby 4-bit organization 
o Single + 5-volt ± 10%power supply 
o Fast-page option 
o Low power available in -L version 
o CAS before RAS internal refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o Nonlatched, three-state I/O 
o TTL-compatible inputs and outputs 
o High-density 20-pin plastic DIP,26/20-pin plastic 


SOJ, or 20-pin plastic ZIP packaging 


OE 
1 '''.::0 
2 
CAS 


1/0:3 
3 '''.::0 
4 


GND 
5 '" 
1/°4 


• 
:0 6 
U01 
U02 
7 ".", 
8 
WE 


RAS 
9 '''.::0 
10 NC 


AO 
11 
'" 


A2 
13 ,,:' '" 
12 A, 


Vcc 
15 ,,:' '" 
14 A3 


AS 
17 ,,,' '" 
16 
A4 


A7 
19 ,,:.::0 
18 A6 


.::0 20 A8 


tttlEC 


Function 


Address inputs 


Data inputs and outputs 


Column address strobe 


Output 
enable 


Row address strobe 


Write enable 


Ground 


+5-volt 
power supply 


No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output current, 
los 


Power dissipation. 
Po 


-1.0 to +7.0 V 
o to +70'C 


-55 to +125'C 


50mA 


1.0W 


Ao-Aa 


1101-1/04 


"CAS 
m: 


RAS 


WE 


GND 


Vcc 


NC 


Exposure 10 Absolute 
Maximum 
Ratings for extended 
periods may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within the limits specified 


under DC and AC Characteristics. 


Ordering Information 


RAS Access 
RIW Cycle 
Fast-Page 
Cycle 
Refresh 
Standby 


Part Number 
Time (max) 
Time (max) 
(max) 
Period 
Current 
(min) 
Package 


"PD424256C-60 
60 ns 
120 ns 
40 ns 
8ms 
1 mA 
20-pin plastic DIP 


C-70 
70 ns 
130 ns 
45 ns 


C-80 
80 ns 
160 ns 
50 ns 


C-10 
100 ns 
190 ns 
60 ns 


"PD424256C-60L 
60 ns 
120 ns 
40 ns 
64ms 
2OOl'A 


C-70L 
70 ns 
130 ns 
45 ns 


C-80L 
80 ns 
160 ns 
50 ns 


C-10L 
100 ns 
190 ns 
60 ns 


"PD424256LA-60 
60 ns 
120 ns 
40 ns 
8ms 
1 mA 
26/20-pin 
plastic SOJ 


LA·70 
70 ns 
130 ns 
45 ns 


LA-80 
80 ns 
160 ns 
50 ns 


LA-10 
100 ns 
190 ns 
60 ns 


"PD424256LA-60L 
60 ns 
120 ns 
40 ns 
64ms 
200 "A 


LA·70L 
70 ns 
130 ns 
45 ns 


LA-80L 
80 ns 
160 ns 
50 ns 


LA-10L 
100 ns 
190 ns 
60 ns 


"PD424256V-60 
60 ns 
120 ns 
40 ns 
8ms 
1 mA 
20-pin 
plastic ZIP 


V-70 
70 ns 
130 ns 
45 ns 


V-80 
80 ns 
160 ns 
50 ns 


V-10 
100 ns 
190 ns 
60 ns 


"PD424256V-60L 
60 ns 
120 ns 
40 ns 
64ms 
2OOl'A 


V-70L 
70 ns 
130 ns 
45 ns 


V-80L 
80 ns 
160 ns 
50 ns 


V-10L 
100 ns 
190 ns 
60 ns 


NEe 


AO 
~ 
A1 · 
~ 
Ii; 


A2 · 


CD 
~ 
.. 
~ 
A3 · 
~ 
~ 
l!! 
.. 


A4 · 


"5 
"0 
'" 
::;; 
"0 
~ 
AS · 


<{ 
ex: 
A6 · 
A7 · 
A8 


Recommended 
Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 


83IH·6304B 


Capacitance 


Unit 
TA = 25 'C; f = 1 MHz 


V 
Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


V 
Input capacitance 
Cll 
5 
pF 
Address 


V 
CI2 
7 
pF 
AIiS, CAS, WE, DE 


'c 
Input'output 
capacitance 
CIO 
7 
pF 
I/O 


Input voltage, high 
V1H 
2.4 
Vcc 
+ 1.0 


Input voltage, low 
V1L 
-1.0 
0.8 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 


Ambient temperature 
TA 
0 
70 


DC Characteristics 
TA = 0 to +70'C; 
vcc 
= +5.0 ±10% 


Symbol 


ICC2 


Typ 
Max 
Unit 
Test Conditions 


2.0 
mA 
RAS = CAS = V1H 


1.0 
mA 
AIiS = 'C7i$ "' Vcc - 0.2 V 


10 
I"A 
V1N= 0 to 5.5 V; all other pins not under test = 0 V 


10 
I"A 
DOUT disabled; 
VOUT = 0 to 5.5 V 


0.4 
V 
IOL = 4.2mA 


V 
IOH = -5mA 


Input leakage current 


Output 
leakage current 


Output 
voltage, low 


Output 
voltage, high 


AC Characteristics 
TA = Oto 
+70°C; vcc = +5.0V 
± 10% 


"PD424256-60 
"PD424256-70 
"PD424256-BO 
"PD424256-10 


Parameter 
Symbol 
Mln 
Max 
Min 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Operating 
current, 
ICCI 
90 
80 
70 
60 
mA 
RAS and CAS cycling; 
average 
tRC = tRC min; (Note 5) 


Operating 
current, 
ICC3 
90 
80 
70 
60 
mA 
RAS cycling; CAS = 
RAS-only refresh 
V1H;tRC = tRC min; 


cycle, average 
(Note 5) 


Operating 
current, 
ICC4 
80 
70 
60 
50 
mA 
RAS = V1L;CAS 
fast-page 
cycle, 
cycling; tpc = tpc min; 


average 
(Note 5) 


Operating 
current, 
ICC5 
90 
80 
70 
60 
mA 
RAS cycling; 
CAS = 
CAS before RAS 
V1L;tRC = tRC min; 
refresh cycle, average 
(Note 5) 


Access time from 
tAA 
30 
35 
45 
50 
ns 
(Notes 7, 10, 13) 
column address 


Access time from CAS 
tACP 
35 
40 
45 
55 
ns 
(Notes 7, 13) 
precharge 
(rising 
edge) 


Column address hold 
tAR 
NfA 
NfA 
60 
70 
ns 
time referenced to 
RAS 


Column address setup 
tASC 
0 
0 
0 
20 
0 
20 
ns 
(Note 13) 
time 


Row address setup 
tASR 
0 
0 
0 
0 
ns 
time 


Column address to 
tAWD 
50 
55 
70 
80 
ns 
(Note 18) 
WE delay time 


Access time from CAS 
tCAC 
20 
20 
20 
25 
ns 
(Notes 7, 9, 10, 13) 


(falling 
edge) 


Column address hold 
tCAH 
15 
17 
20 
20 
ns 


time 


CAS pulse width 
tCAS 
20 
10,000 
20 
10,000 
20 
10,000 
25 
10,000 
ns 


CAS hold time for 
tCHR 
15 
15 
15 
20 
ns 
CAS before RAS 
refresh cycle 


CAS precharge time, 
tcp 
10 
10 
15 
10 
20 
10 
25 
ns 
(Note 13) 
fast-page 
cycle 


CAS precharge time, 
tCPN 
10 
10 
10 
10 
ns 
nonpage cycle 


CASto 
RAS 
tCRP 
10 
10 
10 
10 
ns 
(Note 14) 
precharge time 


CAS hoid time 
tCSH 
60 
70 
80 
100 
ns 


CAS setup time for 
tcSR 
10 
10 
10 
10 
ns 
CAS before RAS 
refresh cycle 


CAS to WE delay 
tCWD 
40 
40 
45 
55 
ns 
(Note 18) 


Write command 
to 
tCWL 
15 
15 
20 
20 
ns 
CAS lead time 


Data-in hold time 
tDH 
15 
15 
20 
20 
ns 
(Note 17) 


6-86 


NEe 
pPD424256 


AC Characteristics 
(cant) 


"PD42425S-S0 
"PD42425S-70 
"PD42425S-S0 
"PD42425S-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Data-in hold time 
tOHR 
N/A 
N/A 
60 
70 
ns 


referenced to ~ 


Data-in setup time 
tos 
0 
0 
0 
0 
ns 
(Note 17) 


Access time from C5E 
tOEA 
20 
20 
20 
25 
ns 


C5E data delay time 
tOED 
15 
15 
20 
25 
ns 


C5E command 
hold 
tOEH 
0 
0 
0 
0 
ns 


time 


C5E to ~ 
inactive 
tOES 
0 
0 
0 
0 
ns 


setup time 


Output turnoff 
delay 
tOEZ 
0 
15 
0 
15 
0 
20 
0 
25 
ns 
(Note 11) 
from C5E 


Output 
buffer turnoff 
tOFF 
0 
15 
0 
15 
0 
20 
0 
25 
ns 
(Note 11) 
delay 


Fast-page cycle time 
tpc 
40 
45 
50 
60 
ns 
(Note 6) 


Fast-page read-write 
tpRWC 
85 
90 
105 
125 
ns 


cycle time 


Access time from ~ 
tRAe 
60 
70 
80 
100 
ns 
(Notes 7,8) 


~tocolumn 
tRAO 
15 
30 
15 
35 
17 
35 
17 
50 
ns 
(Note 10) 
address delay time 
II 


Row address hold 
tRAH 
10 
10 
12 
12 
ns 


time 


Column address lead 
tRAL 
30 
35 
45 
50 
ns 
time referenced to 
~ 
(rising edge) 


~ 
pulse width 
tRAS 
60 
10,000 
70 
10,000 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, fast- 
tRASP 
160 
100,000 
70 
100,000 
80 
100,000 
100 
100,000 
ns 


page cycle 


Random read or write 
tRC 
120 
130 
160 
190 
ns 
(Note 6) 
cycle time 


RAS to "CAS delay 
tRCO 
20 
40 
20 
50 
25 
60 
25 
75 
ns 
(Note 12) 
time 


Read command 
hold 
tRCH 
0 
0 
0 
0 
ns 
(Note 15) 
time referenced to 
"CAS 


Read command 
setup 
tRCS 
0 
0 
0 
0 
ns 
time 


Refresh period 
tREF 
8 
8 
8 
8 
ms 
Addresses Ao - As; 
64 ms for -L versions 


RAS precharge time 
tRP 
50 
50 
70 
80 
ns 


RAS precharge CAS 
tRPC 
10 
10 
10 
10 
ns 
hold time 


Read command 
hold 
tRRH 
10 
10 
10 
10 
ns 
(Note 15) 
time referenced to 
~ 


~holdtime 
tRSH 
20 
20 
20 
25 
ns 


Read-write cycle time 
tRWC 
165 
175 
215 
255 
ns 
(Note 6) 


~toWEdelay 
tRwo 
80 
90 
105 
130 
ns 
(Note 18) 


6-87 


t-fEC 


"PD424256-70 
"PD424256-80 
"PD424256-10 


Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


20 
25 
30 
ns 


3 
50 
3 
50 
3 
50 
ns 
(Note 4) 


15 
15 
20 
ns 


N/A 
55 
70 
ns 


AC Characteristics 
(cont) 


"PD424256-60 


Parameter 
Symbol 
Min 
Max 


Write command 
to 
tRWL 
20 
RAS lead time 


Rise and fall 
tT 
3 
50 


transition 
time 


Write command 
hold 
tWCH 
15 
time 


Write command 
hold 
tWCR 
N/A 
time referenced to 
RAS 


Write command 
setup 
twcs 
0 
time 


Write command 
pulse 
twP 
15 
width 


Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 "s is required after power-up, followed by 
any 
eight 
RAS 
cycles. 
before 
proper 
device 
operation 
is 
achieved. 


(3) Ac measurements 
assume tT = 5 ns. 


(4) V'H (mln) and V'L (max) are reference levels for measuring 
the 


timing 
of input signals. Transition 
times are measured 
between 
V'H and VIL. 


(5) ICC1. ICC3. ICC4, and Iccs depend on output 
loading and cycle 
rates. Specified 
values are obtained 
with the output open. ICC3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during 
RAS-only refresh cycles. 
ICC4 is measured 
assuming 
that all column address inputs are 
switched 
only once during 
each fast-page cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 


time at which 
proper operation 
over the full temperature 
range 
(TA= 0 to +70 0c) is assured. 


(7) 
Load = 2 TTL (-1 mA, 
+4 mAl ioads and 100 pF (VOH=2.0 V 
and VOL=0.8 V). 


(8) Assumes that tRCD s tRCD (max) and tRAD s tRAD (max). If 
tRCD or tRAD is greater than the maximum 
recommended 
value 


in this table, tRAC increases 
by the amount that tRCD or tRAD 
exceeds the value shown. 


(9) Assumes that tRCD 2: tRCD (max) and tRAD s tRAD (max). 


(10) If tRAD 2: tRAD (max), then the access time is defined 
by tAA' 


(11) tOFF (max) and toEZ (max) define the time at which the outputs 
achieve the open-circuit 
condition 
and are not referenced to VOH 
or VOL' 


(12) Operation with the tRCD (max) limit assures that tRAG (max) can 
be met. tRCD (max) is specified 
as a reference point only; if tRCD 
is greater than tRCD (max), access time is controlled 
exclusively 
by tCAG' 


CAS and Column 
Address 
Input Conditions 


tcp 
S lep (max), tASC 2: tcp 


tcp 
S CP (max), tASC S tcp 


tcp 
2: CP (max), tASC s tAsc (max) 


tcp 
2: CP (max), tAsc 
2: tASC (max) 


Access 
Time 
Definition 


tAGP 


tAA 


tAA 


tCAG 


(14) The tCRP requirement 
should be applicable 
for RAS/CAS cycles 


preceded by any cycle. 


(15) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(16) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. For early write cycles, both 


twcs 
and tWCH must be met. 


(17) These parameters 
are referenced to the fal~ 
edge of CAS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(18) twcs, 
tRWD,leWD. and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-modify-write 
cycles only. If lwcs 
2: twcs 


(min), the cycle is an early write cycle and the data I/O pins will 
remain open-circuit 
throughout 
the entire cycle. If leWD 2: leWD 


(min), tRWD 2: tRWD(min), and tAWD 2: tAWD(min). then the cycle 
is a read-write cycie and the data I/O pins will contain data read 
from the selected cells. II neither 01 the above conditions 
is met, 


the condition 
of the data I/O pins (at access time and until CAS 


returns to V,Hl is indeterminate. 


NEe 


Low Power Battery Backup (-L Versions Only) 


The ,.PD424256-L 
is capable of low power battery 


backup during times of reduced system power,when the 
input buffers and all nonessential internal circuits are 
turned off. For the input buffers to be turned off and the 
amount of leakage current flowing through them re- 
duced, the ,.PD424256-L 
must be in standby and all 


control 
lines within 0.2 V of either Vcc or GND, as 


appropriate. When RASand CAS are both within 0.2 Vof 
Vcc, the internal circuits are inactive and power require- 
ments reduced evenfurther. Standby current can drop as 
low as 200 ,.A. 


Battery Backup Current 


Symbol 
Max 


CAS before RAS refresh cycles are executed at a mini- 
mum rate to ensure that all 512 rows are refreshed only 
once every 64 ms.Theti methat RASis low (tRAS)and the 
,.PD424256-L 
active needs to be as short as possible, 


typically 
less than 300 ns, to minimize power usage 


during refresh operation. The following table shows the 
conditions 
under which the lowest average standby 


current can be obtained. 


CAS Before 
RAS Refresh 
Cycle 


tRAS s 300 ns 


tRAS 
;" 300 ns and s 1 "s 


Standby Conditions 
RAS= CAS;" Vcc- 0.2 V;OE ;" Vcc- 0.2 V; 
WE = Addresses;"Vcc- 0.2 Vor s 0.2 V;1/0 
" Vcc- 0.2 Vor s 0.2 Vorhigh-Z 


Timing Waveforms 


Read Cycle 


I 
I 


tCSH 


I 


NEe 


Timing Wiaveforms (cont) 


Early Write Cycle 


'''-4' 


II( 
I 


tCSH I 
I 
I 
~, 


I 


Column 
Address 


twcs~ r 


tWCH 


WE 7//J1//II // 
I 
twp 


'"_ ••'1/IIJI/I!/l 
1----,,,de 
m 
Valid Data 
~"~'t: 
'''' 
1//1///111///1/ 1//II1//1/// 


II~.',"" 
! 
IL· 


NEe 


Timing Waveforms (cont) 


DE-Controlled Write Cycle 


NEe 


Timing Waveforms (cant) 


Relld-WritelRelld-Modify-Write Cycle 


I 
I 
tCSH 
I 


I 


NEe 


Timing Waveforms (cent) 


RA5-0nly Refresh Cycle 


tttlEC 


Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


--~~' 


CAS 
\ 


tCHR) 
__ 
tRP 
- 
"~=\- 


t-IEC 


Timing Waveforms (cont) 


Hidden Refresh Cycle 


NEe 


Timing Waveforms (cont) 


Fast-Page Read Cycle 


tARi 


I. 
: 
tpc 
r 


s 


I 


Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
"'I 


tCRP 


~tRCD 


Note: 


(1] DE - don't care. 
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Timing Waveforms (cant) 


Fast-Page Read-Write/Read-Modify-Write 
Cycle 


I ICPN 


II 
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NEe 
NEe Electronics Inc. 


IJPD424258 
262,144 x 4·Bit 
Dynamic CMOS RAM 


Description 


The ~PD424258 is a static-column dynamic RAM orga- 
nized as 262,144words by 4 bits and designed to operate 
from a single +5-volt power supply. Advanced polycide 
technology 
using trench capacitors minimizes silicon 


area and provides high storage cell capacity, high per- 
formance, and high reliability. A single-transistor 
dy- 


namic 
storage 
cell 
and advanced 
CMOS circuitry 


throughout ensure minimum power dissipation, while an 
on-chip circuit generates the negative-voltage substrate 
bias-automatically 
and transparently. 


The three-state I/O pins are controlled by CS indepen- 
dent of RAS.After a valid read or read-modify-write cycle, 
data is held on the outputs by maintaining CS low. The 
data outputs are returned to high impedance by return- 
ing CS high. Static-column read arid write cycles can be 
executed by switching the column address inputs. 


Refreshing may be accomplished by means of a CS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished 
by 


means of RAS-only refresh cycles or by normal read and 
write cycles on the 512 address combinations of Ao 
through As during an 8-ms refresh period. 


o 262,144-wordby 4-bit organization 
o Single +5-volt ±10% power supply 
o Static-column option 
o Low power dissipation 
o CS before RAS internal refreshing 
o Multiplexed address inputs 
o On-Chip substrate bias generator 
o Nonlatched, three-state I/O 
o Low input capacitance 
o TTL-compatible inputs and outputs 
o 512 refresh cycles every 8 ms 
o High-density 20-pin plastic DIP,26/20-pin plastic 


SOJ, or 20-pin plastic ZIP packaging 


AO 
AS 


A1 
A7 


A2 
Aa 


A3 
AS 
vcc 
A4 


OE 
1 ''',::: 
2 
CS 
V03 
3 '" 
GND 
5 :t:'::: 4 
1/04 
,,:: a 
1/01 
V02 
7 ''',::: 
S 
WE 
RAS 
9 ''',::: 
10 NC 


Ao 
11 ''',::: 
12 A 


A2 
13 ''',~:: 
14 A 


1 


vcc 
15 :t: 
3 


As 
17 ": ::: ~: 
~4 
A7 19 :t: 
a 
,,,: 
20 
As 


II 


ttiEC 


AO 
A, 
• 


A2 
• 
A3 
• 


A4 
• 
AS • 
AS 
• 


A7 
• 
AS 


Ordering Information 


RASAccess 
Part Number 
Time (max) 
R/WCycle 
Static-Column 
Time (max) 
Access 
(max) 


120 ns 
35 ns 


130 ns 
40 ns 


160 ns 
50 ns 


190 ns 
60 ns 


120 ns 
35 ns 


130 ns 
40 ns 


160 ns 
50 ns 


190 ns 
60 ns 


120 ns 
35 ns 


130 ns 
40 ns 


160 ns 
50 ns 


190 ns 
60 ns 


"PD424258C-60 
60 ns 


C-70 
70 ns 


C-80 
80 ns 


C-10 
100 ns 


"PD424258LA-60 
60 ns 


LA-70 
70 ns 


LA-80 
80 ns 


LA-lO 
100 ns 


"PD424258V-60 
60 ns 


V-70 
70 ns 


V-SO 
80 ns 


V-10 
100 ns 


Package 


20-pin plastic DIP 


NEe 


Name 
Function 


Ao -As 
Address inputs 


1/01 -1/04 
Data inputs/outputs 


RAS 
Row address strobe 


CS 
Chip select 


WE 
Write enable 


DE 
Output 
enable 


GND 
Ground 


Vcc 
+5-volt 
power supply 


NC 
No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND, VT 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output 
current, 
105 


Power dissipation, 
Po 


-1.0to 
+7.0V 
o to +70°C 


-55 to + 125°C 


50mA 


1.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


DC Characteristics 
TA = 0 to +70°C; 
vcc 
= +5.0 V ±10% 


Parameter 
Symbol 


Standby current 
ICC2 


Capacitance 
TA = 25°C; f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


Input 
Cll 
5 
pF 
Address 
capacitance 
CI2 
7 
pF 
RAS, CS, WE, DE 


Input/output 
CIO 
7 
pF 
1/°1 -1/04 


capacitance 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input voltage, high 
V1H 


Input voltage, low 
VIL 


Supply voltage 
Vcc 


Ambient temperature 
TA 


2.4 
Vcc 
+ 1.0 


-1.0 
0.8 


4.5 
5.0 
5.5 
o 
70 


Min 
Typ 
Max 
Unit 
Test Conditions 


2.0 
mA 
RAS = CS = V1H 


1.0 
mA 
RAS = CS "' Vcc - 0.2 


-10 
10 
",A 
V1N = 0 V to Vcc; all other pins not under tesl = 0 V 


-10 
10 
",A 
DOUT disabled; 
VOUT = 0 V to Vcc 


0.4 
V 
10L = 4.2mA 


2.4 
V 
10H = -5mA 


Input leakage current 
II(Ll 


Output 
leakage current 
IO(Ll 


Output voltage, low 
VOL 


Output voltage, high 
VOH 


.--- - 
-~ 
-~- 


AC Characteristics 
TA = 0 to +70°C; Vcc = + 5.0 V ±10% 


-60 
-70 
-80 
-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Operaling 
current, 
average 
ICCl 
90 
80 
70 
60 
mA 
RAS, CS cycling; 
tRC = tRC mln 
(Nole 5) 


Operating 
current, 
RAS-only 
ICC3 
90 
80 
70 
60 
mA 
RAS cycling; 
CS = 
refresh cycle, average 
VIH; lRC = tRC min 
(Nole5) 


Sialic-column 
operating 
current, 
ICC4 
80 
70 
80 
50 
mA 
RAS = CS = VIL; 
average 
addresses cycling; 
tRSC = lRSC min 
or twsc = twsc 
min (Nole 5) 


Operating 
current, 
CS before RAS 
ICC5 
90 
80 
70 
60 
mA 
RAS cycling; 
CS 
refresh cycle, average 
before RAS; lRC = 
lRC min (Nole 5) 


Access lime from column address 
lAA 
30 
35 
45 
50 
ns 
(NOles 7, 10) 


Column address hold lime 
lAH 
15 
15 
15 
15 
ns 
referenced 10 RAS (rising edge) 


Column 
address hold time 
lAR 
N/A 
N/A 
80 
100 
ns 
(Nole 18) 
referenced 10 RAS 


Column address selup lime 
lASC 
0 
0 
0 
0 
ns 


Row address selup lime 
lASR 
0 
0 
0 
0 
ns 


Column address 10 WE delay time 
lAWD 
50 
55 
70 
80 
ns 
(Nole 17) 


Column address hold time 
lAWR 
N/A 
N/A 
60 
60 
ns 


referenced to RAS (write cycle) 


Access time from CS (falling 
edge) 
lCAC 
20 
20 
20 
25 
ns 
(Noles 7, 9, 10) 


Colum n address hold time 
tCAH 
15 
17 
20 
20 
ns 


CS hold lime for CS before RAS 
lCHR 
15 
15 
15 
20 
ns 
refresh cycle 


CS precharge lime, static-column 
lCp 
10 
10 
10 
10 
ns 
cycle 


CS to RAS precharge time 
tCRP 
10 
10 
10 
10 
ns 
(Nole 13) 


CS pulse width 
tcs 
20 
100,000 
20 
100,000 
20 
100,000 
25 
100,000 
ns 


CS hold time 
lCSH 
80 
70 
80 
100 
ns 


CS selup lime for CS before RAS 
tCSR 
10 
10 
10 
10 
ns 
refresh cycle 


CS 10 WE delay 
lCWD 
40 
40 
45 
55 
ns 
(Nole 17) 


Wr~e command 
10 CS lead lime 
tCWL 
15 
15 
20 
20 
ns 


NEe 
pPD424258 


AC Characteristics 
(cont) 


-60 
-70 
-80 
-10 


Parameter 
Symbol 
Min 
Max 
Mln 
Max 
Min 
Max 
Mln 
Max 
Unit 
Test Conditions 


Data-in hold time 
tOH 
15 
15 
20 
20 
ns 
(Note 16) 


Data-in hold time referenced to 
tOHR 
N/A 
N/A 
60 
70 
ns 
(Note 18) 


RAS" 


Data-in setup time 
tos 
0 
0 
0 
0 
ns 
(Note 16) 


Access time from OE 
toEA 
20 
20 
20 
25 
ns 
(Note 7) 


OE data delay time 
toEO 
15 
15 
20 
25 
ns 


OE command 
hold time 
toEH 
0 
0 
0 
0 
ns 


OE to RAS" inactive setup time 
toES 
0 
0 
0 
0 
ns 


Output turnoff 
delay from OE 
tOEZ 
15 
15 
20 
25 
ns 
(Note 11) 


Output 
buffer turnoff 
delay 
tOFF 
0 
15 
0 
15 
0 
20 
0 
25 
ns 
(Note 11) 


Output 
hold time from address 
tOH 
5 
5 
5 
5 
ns 


Output 
enable time from WE 
tow 
25 
25 
25 
30 
ns 
(Note 7) 


Access time from previous WE 
tpwA 
60 
70 
90 
110 
ns 
(Notes 7, 19) 
(falling 
edge) 


Column address hold time from 
tpwH 
60 
70 
90 
110 
ns 


previous WE (falling 
edge) 


Access time from RAS 
tRAG 
60 
70 
80 
100 
ns 
(Notes 7, 8) 


RAS" to column address delay time 
tRAO 
15 
30 
15 
35 
17 
35 
17 
50 
ns 
(Note 10) 
II 


Row address hold time 
tRAH 
10 
10 
12 
12 
ns 


Column address lead time 
tRAL 
30 
35 
45 
50 
ns 


referenced to RAS" (rising edge) 


RAS" pulse width 
tRAS 
60 
10,000 
70 
10,000 
80 
10,000 
100 
10,000 
ns 


RAS" pulse width, static-column 
tRASC 
60 
100,000 
70 
100,000 
80 
100,000 
100 
100,000 
ns 
cycle 


Random read or write cycle time 
tRC 
120 
130 
160 
190 
ns 
(Note 6) 


RAS to CS delay time 
tRCO 
20 
40 
20 
50 
25 
60 
25 
75 
ns 
(Note 12) 


Read command 
hold time 
tRCH 
0 
0 
0 
0 
ns 
(Note 14) 
referenced to CS 


Read command 
setup time 
tRCS 
0 
0 
0 
0 
ns 


Refresh period 
tREF 
8 
8 
8 
8 
ms 
Addresses Ao - As 


RAS precharge time 
tRP 
50 
50 
70 
80 
ns 


RAS precharge CS 
tRPC 
10 
10 
0 
0 
ns 


hold time 


Read command 
hold time 
tRRH 
10 
10 
10 
10 
ns 
(Note 14) 
referenced to RAS 


Static-column 
read cycle time 
tRSC 
35 
40 
50 
60 
ns 
(Note 6) 


pPD424258 
NEe 


AC Characteristics 
(cont) 


-60 
-70 
-80 
-10 


Parameter 
Symbol 
Min 
Max 
Mln 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


~holdtime 
tRSH 
20 
20 
20 
25 
ns 


~ 
to second WE delay 
1Rsw 
75 
85 
95 
115 
ns 


Read-write cycle time 
tRWC 
165 
175 
215 
255 
ns 
(Note 6) 


~toWEdelay 
tRWD 
80 
90 
105 
130 
ns 
(Note 17) 


Write command 
to ~ 
lead time 
tRWL 
20 
20 
25 
30 
ns 


Static-column 
read-write cycle time 
1Rwsc 
85 
95 
120 
145 
ns 
(Note 6) 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
3 
50 
3 
50 
ns 
(Note 4) 


Previous WE (falling 
edge) to 
tWAD 
20 
30 
22 
35 
20 
45 
25 
55 
ns 
(Note 19) 
column address delay time 


Write command 
hold time 
tWCH 
15 
15 
15 
20 
ns 


Write command 
hold time 
tWCR 
N/A 
N/A 
55 
70 
ns 
(Note 18) 
referenced to ~ 


Write command 
setup time 
twcs 
0 
0 
0 
0 
ns 
(Note 17) 


Write invalid 
time 
tWI 
10 
10 
10 
10 
ns 


Write command 
pulse width 
twP 
15 
15 
15 
20 
ns 
(Note 15) 


Static-column 
write cycle time 
twsc 
35 
40 
50 
60 
ns 
(Note 6) 


Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100,"S is required after power-up, followed by 


any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 
achieved. 


(3) AC measurements 
assume tT = 5 ns. 


(4) V1H (min) and V1L(max) are reference levels for measuring 
the 


timing 
of input signals. Transition times are measured 
between 


V1Hand VIL' 


(5) 
ICCt, Icca, 
ICC4, and Iccs depend on output 
loading and cycle 


rates. Specified 
values are obtained 
with the output open. Icca 


is measured assuming that all column address inputs are held at 
either a high level or a low level during 
RAS-only refresh cycles. 


ICC4 is measured 
assuming that all column address inputs are 
switched 
only once during 
each fast-page cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 


time at which 
proper operation 
over the full temperature 
range 
(TA = 0 to + 70°C) is assured. 


(7) 
Load = 2 TTL (-1 mA, +4 mAl loads and 100 pF (VOH = 2.0 V, 
VOL = 0.8 V), 


(8) Assumes 
that tRCD s tRCD (max) and tRAD s 
tRAD (max). If 


tRCD or tRAD is greater than the maximum 
recommended 
value 
in this table, tRAC increases by the amount 
that tRCD or tRAD 


exceeds the value shown. 


(9) Assumes that tRCD '" tRCD (max) and lRAD s tRAD (max). 


(10) If tRAD '" tRAD (max), then the access time is defined 
by tAA 


(11) 10FF (max) defines the time at which the output 
achieves the 


open-circuit 
condition 
and is not referenced to VOH or VOL. 


(12) Operation 
within 
the tRCD (max) limit assures that tRAG (max) 


can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than tRCD (max), then access time is controlled 
exclusively 
by tCAC, tAA or toEA 


(13) The tCRP requirement 
should 
be applicable 
for RAS/CS cycles 


preceded by any cycle. 


(14) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(15) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. 
For 
early 
write 
operation, 


both twcs 
and tWCH must be met. 


(16) These parameters 
are referenced to the falling 
edge of CS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(17) twcs, 
tRWD, tCWD, and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-modify-write 
cycles only. If twcs 
<: twcs 


(min), the cycle is an early write cycle and the data output will 
remain open-circu it throughout 
the entire cycle. If tCWD <: tCWD 


(min), tRWD '" tRWD (min), and tAWD <: tAWD (min), the cycle is 
a read-write cycle and the data output will contain data read from 
the selected 
cell. If neither of the above conditions 
is met, the 


condition 
of the data output 
pin (at access time and until CS 


returns to V1H)is indeterminate. 


(18) This 
parameter 
is 
not 
needed 
for 
the 
,"PD421000-60 
and 
,"PD421000-70. 


(19) If tWAD s tWAD (max), then access time is defined 
by tpwA' 
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Timing Waveforms 


Read Cycle 


'=~ 
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Timing Waveforms (cont) 


Early Write Cycle 


tAWR 
I 


~ 


Column 


~,~,~" 
~ 
~\\\\\\\\\\%\\~II '~_-->oim/!111111///I!/!I//fl 


~ 


1_lt~HR 
:~ 
IDS 
h- 
I.. 
tDH-~-~ 
~ 


Input/OUtput 
Data-In 


Note: 


[11 OE = don't care_ 
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Timing Waveforms (cont) 


Late Write Cycle 


1-~------tRSH 


lCSH 


~ 


CWL 


tRAL 
tAsc---~~1 
~tRWL 


Timing Waveforms 
(cant) 


Read-Modify-Write Cycle 


tCAH1 


tCWL-j 
I 


tRWL~ 


Timing Waveforms (cont) 


RA5-Only Refresh Cycle 


.~,~ 
zl""~'~"_J!IIJJIJI/////!//JlII 
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pPD424266 


262,144 x 4·Bit 


Dynamic CMOS RAM 


Description 


The IlPD424266 is a 262,144 by 4-bit dynamic RAM 
designed with a write-per-bit 
option and to operate 


from a single + 5-volt power supply. Advanced polycide 
technology 
using trench capacitors minimizes silicon 


area and provides 
high storage 
cell capacity, high 


performance, 
and high reliability. A single-transistor 


dynamic storage cell and CMOS circuitry throughout 
ensure minimum power dissipation, while an on-chip 
circuit 
internally generates the negative-voltage sub- 


strate bias-automatically 
and transparently. 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished 
by means of a CAS 


before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished 
by 


means of RAS-only refresh cycles or by normal read or 
write cycles on the 512 address combinations 
of Ao 


through As during an 8-ms refresh period. 


Features 


o 262,144by 4-bit organization 
o Single + 5-volt power supply 
o Write-per-bit option 
o Fast-page option 
o Low power dissipation 
o CAS before RAS internal refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o TTL-compatible 
inputs and outputs 


o Nonlatched. three-state outputs 
o Low input capacitance 
o 512 refresh cycles every 8 ms 
o High-density 2O-pin plastic DIP,26/20-pin plastic 


SOJ, or 20-pin plastic ZIP packaging 


OE 
1::: 


1/0:3 
3:::::: 
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Capacitance 
TA = 25°C; f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


Input capacitance 
C1, 
5 
pF 
Addresses 


CI2 
7 
pF 
RAS, CAS, WE, OE 


Input/output 
CIO 
7 
pF 
I/O, -1/04 


capacitance 


Function 


Address inputs 


Data inputs and outputs 


Column address strobe 


Ao-Aa 


1/0,-1/°4 


CAS 


5E 


RAS 


WE 


GND 


Vcc 


NC 


Output 
enable 


Row address strobe 


Wrile enable 


Ground 


+5-volt 
power supply 


No connection 


Absolute Maximum Ratings 


Voltage on any pin relative to GND, VT 


Operating 
temperature, 
TOPA 


Storage temperature, 
TSTG 


Short-circuit 
output 
current, 
los 


Power dissipation, 
Po 


-1.0to 
+7.0V 
o to + 70°C 


-55 to + 125°C 


50mA 


1.0W 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 


Input voltage, 
high 
VIH 
2.4 
Vcc 
+ 1.0 


Input voltage, 
low 
VIL 
-1.0 
0.8 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 


Ambient 
temperature 
TA 
0 
70 


Exposure to Absolule 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding 
the ratings could cause perma- 


nent 
damage. 
The device 
should 
be operated 
wilhin 
the 
limits 


specified 
under DC and AC Characteristics. 


Ordering Information 


Part Number 
RAS" Access 
Time (max) 


IlPD424266C-60 
60 ns 


C-70 
70 ns 


C-80 
80 ns 


C-l0 
100 ns 


IlPD424266LA-60 
60 ns 


LA-70 
70 ns 


LA-80 
80 ns 


LA-l0 
100 ns 


IlPD424266V-60 
60 ns 


V-70 
70 ns 


V-80 
80 ns 


V-l0 
100 ns 


RIW Cycle Time (max) 
Fast-Page 
Cycle 
(max) 


120 ns 
40 ns 


130 ns 
45 ns 


160 ns 
50 ns 


190 ns 
80 ns 


120 ns 
40 ns 


130 ns 
45 ns 


160 ns 
50 ns 


190 ns 
60 ns 


120 ns 
40 ns 


130 ns 
45 ns 


160 ns 
50 ns 


190 ns 
60 ns 


Package 


20-pin 
plastic DIP 


DC Characteristics 
TA = 0 to + 70°C; Vcc = + 5.0 ±10% 


Parameter 


Standby 
current 


Symbol 


ICC2 


Typ 
Max 
Unit 
Test Conditions 


2.0 
mA 
RAS", 
VIH (min); 10 = 0 mA 


1.0 
mA 
RAS = CAS", 
Vcc-0.2V; 
10 = OmA 


10 
IlA 
VIN = 0 V to Vcc; 
all other pins 


not under test = 0 V 


10 
IlA 
DOUT disabled; VOUT = 0 V to Vcc 


0.4 
V 
10L = 4.2mA 


V 
10H = -5 mA 


Output 
leakage current 


Output 
voltage, 
low 


Output 
voltage, 
high 


tttfEC 


Datava Bus 


Corumn 
Decoder 


Sense 
Amplifier 


AO 
~ 
A1 · 
~ 
-= 
~ 
" 
A2 · 
'" 


"0 
" 
l:l 
8 
A3 · 


:g. 


i!' 
<3 
Memory 
Array 


A4 · 
~ 


"0 
"0 
3: 
AS • 
< 
0a: 
A6 · 
A7 
• 
II 


AS 


831H·630.cB 


AC Characteristics 
TA = 0 to +70"C; VCC = + 5.0 V ±10% 


-60 
-70 
-80 
-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Operating 
current, 
ICC1 
90 
80 
70 
60 
mA 
RAS, CAS cycling; 
average 
tRC = tRC min (Note 5) 


Operating 
current, 
ICC3 
90 
80 
70 
60 
mA 
RAS cycling; 
CAS = VIH; 


RA8-only refresh cycle, 
tRC = tRC min (Note 5) 
average 


Operating 
current, 
ICC4 
80 
70 
60 
50 
mA 
RAS = VIL; CAS cycling; 


fast-page 
cycle, average 
tpc = tpc min (Note 5) 


Operating 
current, 
Iccs 
90 
80 
70 
60 
mA 
RAS cycling; CAS before 
CAS before RAS refresh 
RAS; tRC = tRC min 


cycle, average 
(Note 5) 


Access time from 
tAA 
30 
35 
40 
50 
ns 
(Notes 7, 10) 
column address 


Access time from CAS 
tACP 
35 
40 
45 
55 
ns 
(Notes 7) 
pre charge (rising edge) 


Column address 
tASC 
0 
0 
0 
0 
ns 


setup time 


Row address setup time 
tASR 
0 
0 
0 
0 
ns 


Column address to WE 
tAWD 
50 
55 
65 
80 
ns 
(Note 17) 
delay time 


pPD424266 
ttiEC 


AC Characteristics 
(cent) 


-60 
-70 
-80 
-10 


Parameter 
Symbol 
Min 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Access time from CAS 
tCAC 
20 
20 
20 
25 
ns 
(Notes 7, 9, 10) 
(falling 
edge) 


Column address 
tCAH 
15 
17 
20 
20 
ns 
hold time 


CAS pulse width 
tCAS 
20 
10,000 
20 
10,000 
20 
10,000 
25 
10,000 
ns 


CAS hold time for CAS 
tCHA 
15 
15 
15 
20 
ns 


before RAS refresh cycle 


CAS precharge 
time, 
tcp 
10 
10 
10 
10 
ns 
fast-page 
cycle 


CAS precharge time, 
tCPN 
10 
10 
10 
10 
ns 
nonpage cycle 


CASto 
RAS 
tCAP 
10 
10 
10 
10 
ns 
(Note 13) 
precharge 
time 


CAS hold time 
tCSH 
60 
70 
80 
100 
ns 


CAS setup time for CAS 
tCSA 
10 
10 
10 
10 
ns 
before RAS refresh cycle 


CAS to WE delay 
tcwD 
40 
40 
45 
55 
ns 
(Note 17) 


Wr~e command 
to 
tCWL 
15 
15 
20 
20 
ns 
CAS lead time 


Data-in hold time 
tDH 
15 
15 
20 
20 
ns 
(Note 16) 


Data-in setup time 
tDs 
0 
0 
0 
0 
ns 
(Note 16) 


Access time from OE 
toEA 
20 
20 
20 
25 
ns 


OE data delay time 
toED 
15 
15 
20 
25 
ns 


OE command 
hold time 
toEH 
0 
0 
0 
0 
ns 


OE to RAS inactive 
setup 
toES 
0 
0 
0 
0 
ns 
time 


Output 
turnoff 
delay from 
toEZ 
0 
15 
0 
15 
0 
20 
0 
25 
ns 
(Note 11) 


OE 


Output 
buffer turnoff 
tOFF 
0 
15 
0 
15 
0 
20 
0 
25 
ns 
(Note 11) 


delay 


Fast-page cycle time 
tpc 
40 
45 
50 
60 
ns 
(Note 6) 


Fast-page read-modify- 
tpRWC 
85 
90 
105 
125 
ns 
(Note 6) 


wr~e cycle time 


Access time from RAS 
tAAC 
60 
70 
80 
100 
ns 
(Notes 7, 8) 


NEe 
IIPD424266 


AC Characteristics 
(cont) 


-60 
-70 
-80 
-10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


RAS to column address 
tRAD 
15 
30 
15 
35 
17 
40 
17 
50 
ns 
(Note 10) 
delay time 


Row address hold time 
tRAH 
10 
10 
12 
12 
ns 


Column address lead 
tRAL 
30 
35 
40 
50 
ns 


time referenced to RAS 
(rising edge) 


RAS pulse width 
tRAS 
60 
10,000 
70 
10,000 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, 
tRASP 
60 
100,000 
70 
100,000 
80 
100,000 
100 100,000 
ns 


fast-page 
cycle 


Random read or write 
tRC 
120 
130 
160 
190 
ns 
(Note6) 
cycle time 


RAS to CAS delay time 
tRCD 
20 
40 
20 
50 
25 
60 
25 
75 
ns 
(Note 12) 


Read command 
hold 
tRCH 
0 
0 
0 
0 
ns 
(Note 14) 
time referenced to CAS 


Read command 
tRCS 
0 
0 
0 
0 
ns 
setup time 


Refresh period 
tREF 
8 
8 
8 
8 
ms 
Addresses Ao - As 


RAS precharge time 
tRP 
50 
50 
70 
80 
ns 


RAS pre charge CAS 
tRPC 
10 
10 
0 
0 
ns 
II 


hold time 


Read command 
hold 
tRRH 
10 
10 
10 
10 
ns 
(Note 14) 
time referenced to RAS 


RAS hold time 
tRSH 
20 
20 
20 
25 
ns 


Read-write cycle time 
tRWC 
165 
175 
215 
255 
ns 
(Note 6) 


RAS to WE delay 
tRWD 
80 
90 
105 
130 
ns 
(Note 17) 


Write command 
to 
tRWL 
20 
20 
25 
30 
ns 


RAS lead time 


Rise and fall 
tT 
3 
50 
3 
50 
3 
50 
3 
50 
ns 
(Note 4) 
transition 
time 


Write-per-bit 
hold time 
twBH 
10 
10 
10 
10 
ns 


Write-per-bit 
setup time 
tWBS 
0 
0 
0 
0 
ns 


Write command 
tWCH 
15 
15 
15 
20 
ns 
(Note 15) 
hold time 


Write command 
twcs 
0 
0 
0 
0 
ns 
(Note 16) 
setup time 


-60 
-70 
-80 
-10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Write-per-bit mask data 
tWH 
10 
10 
10 
10 
ns 


hold time 


Write command 
twP 
15 
15 
15 
20 
ns 
(Note 15) 


pulse width 


Write-per-bit mask data 
tws 
0 
0 
0 
0 
ns 
setup time 


Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 ps is requ ired after power-up, followed by 
any 
eight 
RAS cycles, 
before 
proper 
device 
operation 
is 


achieved. 


(3) AC measurements assume tT = 5 ns. 


(4) VIH (min) and VIL (max) are reference levels for measuring the 


timing of input signals. Transition times are measured between 
V1Hand V1L. 


(5) ICC1' ICC3' ICC4' and ICC5 depend on output loading and cycle 
rates. Specified values are obtained with the output open. ICC3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycies. 
ICC4 is measured assuming that all column address inputs are 
switched only once during each fast-page cycle. 


(6) The minimum specifications 
are used only to indicate the cycle 
time at which proper operation over the full temperature range 
(TA= 0 to + 70°C) is assured. 


(7) load = 2 TTl 
(-1 mA, + 4 mAl loads and 100 pF (VOH= 2.0 V, 


VOL = 0.8 V). 


(8) Assumes that tRcD s 
tRCD (max) and tRAD S tRAD (max). If 
tRCD or tRAD is greater than the maximum recommended value 
in this table, tRAC increases by the amount that tRCD or tRAD 
exceeds the value shown. 


(9) Assumes that tRCD 2: tRCD (max) and tRAD :s tRAD (max). 


(10) If tRAD 2: tRAD (max), then the access time is defined by tAA' 


(11) tOFF (max) defines the time at which the output achieves the 


open-circuit condition and is not referenced to VOHor VOL. 


(12) Operation within the tRCD (max) limit assures that tRAC (max) 


can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than tRCD (max), then access time is controlled 
exclusively by tCAC' 


(13) The tCRP requirement should be applicable for RAS/CAS cycles 


preceded by any cycle. 


(14) Either tRRH or tRCH must be satisfied for a read cycle. 


(15) Parameter twP is applicable for a delayed write cycle such as a 


read-write/read-modify·write 
cycle. For early 
write 
operation, 


both twcs 
and tWCH must be met. 


(16) These parameters are referenced to the fal!!!!.g edge of CAS for 


early write cycles and to the falling edge of WE for delayed write 
or read-modify-write cycles. 


(17) twcs, 
tRWD,tCWD, and tAWDare restrictive 
operating parame- 


ters in read-write/read-modify-write 
cycles only. If twcs 
2: twcs 


(min), the cycle is an early write cycle and the data output will 
remain open-circuitthroughoutthe 
entire cycle. "tCWD 
2: tCWD 


(min), tRWD 2: tRWD (min), and tAWD 2: tAWD (min), the cycle is 
a read-write cycle and the data output wi IIcontain data read from 
the selected cell. If neither of the above conditions 
is met~ 


condition of the data output pin (at access time and until CAS 
returns to VIH) is indeterminate. 


NEe 


Write·Per·Bit 
Option 


The write-per-bit option may be used to allow a write 
cycle to change any number of bits in the 4-bit word. The 
mask is loaded from the four I/O lines at the falling edge 
of RAS if WE= VIL. 
If the I/O line is high, then the 


corresponding bit will be written when the write cycle 
executes. If an I/O line is low, the corresponding bit does 
not change. A mask loaded during fast-page operation 
will remain set and active for each write cycle that 
executes while RAS remains low. The mask may be 
changed at the falling edge of RAS only. 
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Timing Waveforms (cont) 
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Timing Waveforms (cont) 
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,.,PD424268 


262,144 x 4·Bit 


Dynamic CMOS RAM 


Description 


The J1PD424268is a 262,144 by 4-bit dynamic RAM 
designed with a write-per-bit 
option to operate from a 


single + 5-volt power supply. Advanced polycide tech- 
nology using trench capacitors minimizes silicon area 
and provides high storage cell capacity, high perfor- 
mance, and high reliability. A single-transistor dynamic 
storage 
cell and CMOS circuitry 
throughout 
ensure 


minimum power dissipation, 
while an on-chip circuit 


internally 
generates 
the 
negative-voltage 
substrate 


bias-automatically 
and transparently. 


The three-state I/O pins are controlled by CS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CS 
low. Data outputs return to high impedance when CS 
goes high. Static-column 
read and write cycles can be 


executed by switching the column address inputs. 


Refreshing may be accomplished 
by means of a CS 


before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished 
by 


means of RAS-only refresh cycles or by normal read or 
write cycles on the 512 address combinations 
of Ao 


through As during an 8-ms refresh period. 


Features 


o 262,144by 4-bit organization 
o Single + 5-volt power supply 
o Write-per-bit option 
o Static-column 
option 


o Low power dissipation 
o CS before RAS internal refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o TTL-compatible 
inputs and outputs 


o Nonlatched, three-state outputs 
o Low input capacitance 
o 512 refresh cycles every 8 ms 
o High-density 20-pin plastic DIP,26/20-pin plastic 


SOJ, or 20-pin plastic ZIP packaging 
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Aa 
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A7 
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AS 
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A4 


v: 
1 ''',::: 
2 
CS 


GND 
35~::,::, 4 
V04 
"',::: 
6 
VOl 
V02 
7 
''',::: 
a 
WE 


RAS 
9 ''',::: 
10 NC 


Ao 
11 ''',::, 
12 A 
A2 
13 ''',::: 
14 A' 


Vcc 
15 '" 
3 


As 
17 '''~:: 
~: 
~4 


A7 
19 ::: 
6 
,::, 
20 
Aa 
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Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Input voltage, high 
V1H 
2.4 
Vcc 
+ 1.0 
V 


Input voltage, low 
V1L 
-1.0 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
0 
70 
·C 


Ao-Aa 


1/°1-1/°4 


CS 


DE 


RAS 


WE 


GND 


Vcc 


NC 


Address inputs 


Data inputs and outputs 


Chip select 


Output 
enable 


Row address strobe 


Write enable 


Ground 


+5-volt 
power supply 


No connection 


Capacitance 
TA = 25 ·C; f = 1 MHz 


Parameter 
Symbol 


Input capacitance 
CI1 
C12 


Input/output 
capacitance 
Co 


Absolute Maximum Ratings 


Voltage on any pin relative to GND, VT 


Operating temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output current, 
105 


Power dissipation, 
Po 


-1.0to 
+7.OV 


Oto 
+70·C 


-55 to +125·C 


50mA 


1.0W 


Max 
Unit 
Pi ns Under Test 


5 
pF 
Addresses 


7 
pF 
RAS, CS, WE, OE 


7 
pF 
1/0,-1/04 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Ordering Information 


Part Number 
RAS Access 
Time (max) 
RIW Cycle Time (max) 
Static-Column 
Cycle (max) 
Package 


"PD42426SC-60 
60 ns 
120 ns 
35 ns 
20-pin 
plastic DIP 


C-70 
70 ns 
130 ns 
40 ns 


CoSO 
80 ns 
160 ns 
45 ns 


C-l0 
100 ns 
190 ns 
55 ns 


"PD424268LA-60 
60 ns 
120 ns 
35 ns 
26/20-pin 
plastic SOJ 


LA-70 
70 ns 
130 ns 
40 ns 


LA·80 
80 ns 
160 ns 
45 ns 


LA-lO 
100 ns 
190 ns 
55 ns 


"PD42426SV-60 
60 ns 
120 ns 
35 ns 
20-pin 
plastic ZIP 


V-70 
70 ns 
130 ns 
40 ns 


V-SO 
SOns 
160 ns 
45 ns 


V-10 
100 ns 
190 ns 
55 ns 


NEe 


AO 
Al 
• 


A2 
• 


A3 
• 


A4 
• 
AS 
• 
Aa 
• 
A7 
• 
As 


DC Characteristics 
TA = 0 to +70'C; 
VCC = +5.0 ±10% 


Min 
Typ 
Max 
Unit 
Test Conditions 


2.0 
mA 
RAS ;,: V1H(min); 10 = 0 mA 


1.0 
mA 
RAS = CS ;,: VCC - 0.2 V; 10 = 0 mA 


-10 
10 
/lA 
V1N= 0 V to VCC; all other pins 
not under test = 0 V 


-10 
10 
/lA 
DOUT disabled; 
VOUT = 0 V to VCC 


0.4 
V 
10L = 4.2mA 


2.4 
V 
10H = -5mA 


Symbol 


ICC2 


Output 
leakage current 


Output voltage, low 


Output 
voltage, high 


AC Characteristics 
TA = Oto 
+70'C; 
vcc 
= 
+5.0V 
:tl0% 


-60 
-70 
-80 
-10 


Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 


ICCI 
90 
80 
70 
60 
mA 


ICC3 
90 
80 
70 
60 
mA 


ICC4 
80 
70 
60 
50 
mA 
RAS = CS = V1L;tRSC 
= tRSC min or twsc 
= 
twsc 
min (Note 5) 


Test Conditions 


RAS, CS cycling; 
tRe = tRC min (Note 5) 


RAS cycling; CS = V1H: 
tRC = tRC min (Note 5) 


Operating 
current, 
average 


Operating 
current, 


RAS-only refresh cycle, 
average 


Operating 
current, 
static-column 
cycle, 
average 


AC Characteristics 
(cont) 


-60 
-70 
-80 
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Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Operating 
current, 
ICC5 
90 
80 
70 
60 
mA 
RAS cycling; tRC = tRC 
CS before RAS refresh 
min (Note 5) 
cycle, average 


Access time from 
tAA 
30 
35 
40 
50 
ns 
(Notes 7, 10) 


column address 


Column address hold 
tAH 
15 
15 
15 
15 
ns 
lime referenced to RAS 
(rising edge) 


Colum n address 
tASC 
0 
0 
0 
0 
ns 
setup time 


Row address setup time 
tASR 
0 
0 
0 
0 
ns 


Column address to WE 
tAWD 
50 
55 
65 
80 
ns 
(Note 17) 
delay time 


Access time from CS 
tCAC 
20 
20 
20 
25 
ns 
(Notes 7, 9, 10) 


(falling 
edge) 


Column address hold 
tCAH 
15 
17 
20 
20 
ns 
time 


CS hold time for CS 
tCHR 
15 
15 
15 
20 
ns 
before RAS refresh cycle 


CS precharge time 
tcp 
10 
10 
10 
10 
ns 


CS to RAS pre charge 
tCRP 
10 
10 
10 
10 
ns 
(Note 13) 
time 


CS pulse width 
tcs 
20 
10,000 
20 
10,000 
20 
10,000 
25 
10,000 
ns 


CS hold lime 
tCSH 
60 
70 
80 
100 
ns 


CS setup time for CS 
tCSR 
10 
10 
10 
10 
ns 
before RAS refresh cycle 


CS to WE delay 
tCWD 
40 
40 
45 
55 
ns 
(Note 17) 


Write command 
to 
tCWL 
15 
15 
20 
20 
ns 
CS lead time 


Dala-in hold time 
tDH 
15 
15 
20 
20 
ns 
(Nole 16) 


Data-in setup time 
IDS 
0 
0 
0 
0 
ns 
(Note 16) 


Access time from OE 
toEA 
20 
20 
20 
25 
ns 
(Note 7) 


OE data delay time 
tOED 
15 
15 
20 
25 
ns 


OE command 
hold time 
10EH 
0 
0 
0 
0 
ns 


OE to RAS inaclive 
setup 
toES 
0 
0 
0 
0 
ns 
time 


Output turnoff 
delay from 
toEZ 
0 
15 
0 
15 
0 
20 
0 
25 
ns 
(Nole 11) 
OE 


Output 
buffer turnoff 
tOFF 
0 
15 
0 
15 
0 
20 
0 
25 
ns 
(Nole 11) 
delay 


Output 
hold time from 
tOH 
5 
5 
5 
5 
ns 
address 


Oulput 
enable time from 
tow 
25 
25 
25 
25 
ns 
(Note 7) 


WE 


Access time from WE 
tpwA 
60 
70 
80 
100 
ns 
(Notes 7, 18) 
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AC Characteristics 
(cont) 
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-70 
-80 
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Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Column address hold 
tpwH 
60 
70 
80 
100 
ns 


time referenced to WE 


Access time from RAS 
tRAC 
60 
70 
80 
100 
ns 
(Noles 7, 8) 


RAS to column address 
tRAD 
15 
30 
15 
35 
17 
40 
17 
50 
ns 
(Note 10) 
delay time 


Row address hold time 
tRAH 
10 
10 
12 
12 
ns 


Column address lead 
tRAL 
30 
35 
40 
50 
ns 


time referenced to RAS 
(rising edge) 


RAS pulse width 
tRAS 
60 
10,000 
70 
10,000 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, 
tRASC 
60 
100,000 
70 
100,000 
80 
100,000 
100 100,000 
ns 


static-column 
cycle 


Random read or write 
lRC 
120 
130 
160 
190 
ns 
(Note 6) 
cycle time 


RAS to CS delay time 
lRCD 
20 
40 
20 
50 
25 
60 
25 
75 
ns 
(Note 12) 


Read command 
hold lime 
lRCH 
0 
0 
0 
0 
ns 
(Note 14) 
referenced to CS 


Read command 
tRCS 
0 
0 
0 
0 
ns 
setup time 


Refresh period 
tREF 
8 
8 
8 
8 
ms 
Addresses Ao - Aa II 


RAS pre charge time 
tRP 
50 
50 
70 
80 
ns 


RAS precharge 
CS 
tRPC 
10 
10 
10 
10 
ns 
hold time 


Read command 
hold time 
tRRH 
10 
10 
10 
10 
ns 
(Note 14) 
referenced to RAS 


Static-column 
read cycle 
tRSC 
35 
40 
45 
55 
ns 
(Note 6) 
time 


RAS hold time 
tRSH 
20 
20 
20 
25 
ns 


RAS to second WE delay 
tRSW 
75 
85 
95 
115 
ns 
time 


Read-write 
cycle time 
tRWC 
165 
175 
215 
255 
ns 
(Note 6) 


RAS to WE delay 
tRWD 
80 
90 
105 
130 
ns 
(Note 17) 


Write command 
to 
tRWL 
20 
20 
25 
30 
ns 
RAS lead time 


Static-column 
read- 
tRWSC 
85 
95 
110 
135 
ns 
(Note6) 
modify-write 
cycle time 


Rise and fall 
tT 
3 
50 
3 
50 
3 
50 
3 
50 
ns 
(Note 4) 
transition 
time 


WE to column address 
twAD 
20 
30 
22 
35 
25 
40 
25 
50 
ns 
(Note 18) 
delay time 


Write-per-bit 
hold time 
tWBH 
10 
10 
10 
10 
ns 


Write-per-bit 
setup time 
tWBS 
0 
0 
0 
0 
ns 


Write command 
tWCH 
15 
15 
15 
20 
ns 
hold time 


Write command 
twcs 
0 
0 
0 
0 
ns 
(Note 17) 
setup time 
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-60 
-70 
-80 
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Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Write-per-bit 
mask data 
tWH 
10 
10 
10 
10 
ns 


hold time 


Write-per-bit 
mask data 
tws 
a 
a 
a 
a 
ns 


setup time 


Write invalid time 
tWI 
10 
10 
10 
10 
ns 


Write command 
twP 
15 
15 
15 
20 
ns 
(Note 15) 
pulse width 


Slatic-column 
write cycle 
twsc 
35 
40 
45 
55 
ns 
(Note 6) 
time 


Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 /'S is required after power-up, foilowed by 
any 
eight 
RAS 
cycles, 
before 
proper 
device 
operalion 
is 


achieved. 


(3) AC measuremenls 
assume tT = 5 ns. 


(4) V1H(min) and V1L(max) are reference levels for measuring 
the 


liming 
of input signals. Transition 
times are measurec 
between 


V1Hand V1L. 


(5) 
ICC1' ICC3' ICC4, and ICC5 depend on output 
loading and cycle 
rates. Specified values are obtained 
with the output open. ICC3 


is measured assuming that ail column address inputs are held at 
either a high level or a low level during 
RAS-only refresh cycles. 


ICC4 is measured assuming 
that ail column address inputs are 


switched 
only once during 
each static-column 
cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 
time at which 
proper operation 
over the fuil temperature 
range 


(TA = a to +70°C) is assured. 


(7) 
Load = 2 TTL (-1 mA, +4 mAl loads and 100 pF (VOH = 2.4 V, 
VOL = 0.4 V). 


(8) Assumes that tRCD s 
tRCD (max) and tRAD s 
tRAD (max). If 


tRCD or tRAD is greater than the maximum 
recommended 
value 


in this table, tRAC increases 
by the amount that tRCD or tRAD 


exceeds the vaiue shown. 


(9) Assumes that tRCD 2: tRCD (max) and tRAD s tRAD (max). 


(10) If tRAD 2: tRAD (max), then the access time is defined 
by tAA- 


(11) tOFF (max) and tOEZ (max) define the time at which the outputs 


achieve the open-circuit 
condition 
and are not referenced to VOH 


or VOL' 


(12) Operation 
within 
the tRCD (max) limit assures that tRAG (max) 


can be met. tRCD (max) is specified 
as a reference point only; if 


tRCD is greater than tRCD (max), then access time is controiled 
exclusively 
by tCAC, tAA, or toEA' 


(13) The tCRP requirement 
should 
be applicable 
for RAS/CS cycles 


preceded by any cycle. 


(14) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(15) Parameter twP is applicable 
for a delayec write cycle such as a 


read-write/read-modify-write 
cycle. 
For 
early 
write 
operation, 


both twcs 
and tWCH must be met. 


(16) These parameters 
are referenced to the falling 
edge of CS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(17) twcs, 
tRWD, tCWD, and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-modify-write 
cycles only. If twcs 
2: twcs 


(min), the cycle is an early write cycle and the data I/O pins will 
remain open-circuit 
throughout 
the entire cycle. If tCWD 2: tcwD 
(min), tRWD 2: tRwD (min), and tAWD 2: tAWD (min), the cycle is 
a read-write cycle and the data I/O pins will contain 
data read 


from the seiected ceils. If neither of the above conditions 
is met, 


the condition 
of the data I/O pins (at access time and until CS 
returns to V1Wis indeterminate. 


(18) If tWAD s tWAD (max) , then the access time is defined 
by tPWA' 
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The write-per-bit option may be used to allow a write 
cycle to change any number of bits in the 4-bit word. The 
mask is loaded from the four I/O lines at the falling edge 
of RAS if WE=V1L. If the I/O line is high, then the 
corresponding bit will be written when the write cycle 
executes. If an I/O line is low, the corresponding bit does 
not change. A mask loaded during static-column opera- 
tion will remain set and active for each write cycle that 
executes while RAS remains low. The mask may be 
changed at the falling edge of RASonly. 


1 
/ 


j 
\ 
/ 
\ 
/ 
II 


~ 


Write Data 
>- 


\\\\\\\\\\\\\\\\\\ 
/ 


( 
Write Data 
) 


{ 


WE 


VOi 


1/0 
Mask Data 
Write Operation 


1 
(High) 
Write Bit 
VOt 
0 
(Low) 
Disable Bit Write 


1 
(High) 
Write Bit 
1/°2 


(Low) 
Disable Bit Write 
0 


1 
(High) 
Write Bit 
V03 


(Low) 
Disable Bit Write 
0 


1 
(High) 
WriteBI! 
V04 


0 
(Low) 
Disable Bit Write 
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Timing Waveforms 


Read Cycle 


'~7J 


WE 71//////!//J12 
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Timing Waveforms (cant) 


Early Write Cycle 


I 
twcsr=-tWCH 
r- 
twp 
I 
I 


~tos 
I.. 
tOH 


Note: 


[11 OE = don't care. 
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r-'~ · :1 
r---tRWL 


tRAL 


: tASC---j r-tCAH 


NEe 


Timing Waveforms 
(cant) 


Read-Write/Read-Modify-Write 
Cycle 


IASRl ~tRAD 


lAse 


lRAH 
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Timing Waveforms (cont) 


RA5-0nly Refresh Cycle 


Note: 


[1J WE = OE = don't care. 


Note: 


[1J WE = OE - don't care. 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


NEe 


Timing Waveforms (cant) 


Static-Column Read Cycle 


t'tfEC 


Timing Waveforms (cont) 


Static-Column 
Early Write Cycle 


Note: 


[1J DE ~ don't care. 


Timing Waveforms (cant) 


Static-Column 
Read-Write/Read-Modify-Write 
Cycle 


tRAse 
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pPD424100 


4,194,304 x 1·Bit 


Dynamic CMOS RAM 


Description 


The pPD424100 is a fast-page dynamic RAM organized 
as 4,194,304 words by 1 bit and designed to operate 
from a single + 5-volt power supply. Advanced polycide 
technology 
using trench capacitors 
minimizes silicon 


area and provides 
high storage 
cell capacity, high 


performance, 
and high reliability. A single-transistor 


dynamic storage cell and advanced CMOS circuitry 
throughout 
ensure minimum power dissipation, while 


an on-chip circuit 
internally 
generates the negative- 


voltage substrate 
bias-automatically 
and transpar- 


ently. 


The three-state output is controlled 
by CAS indepen- 


dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output 
is returned 
to high impedance by 


returning CAS high. Fast-page read and write cycles 
can be executed by cycling CAS. 


Refreshing may be accomplished 
by means of a CAS 


before RAS cycle that internally generates the refresh 
address. Refreshing 
can also be accomplished 
by 


means of RAS-only refresh cycles or by normal read or 
write cycles on the 1024 address combinations 
of Ao 


through Ag during a 16-ms refresh period. 


Features 


o 4,194,304-word by 1-bit organization 
o Single + 5-volt ± 10%power supply 
o Fast-page option 
o Low power dissipation 
o CAS before RAS refresh cycles 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o Nonlatched, three-state outputs 
o Low input capacitance 
o TTL-compatible 
inputs and outputs 


o 1024refresh cycles every 16 ms 
o 26/20-pin SOJ or 20-pin plastic ZIP packaging 


GND 


DOUT 


CAS 


NC 
Ag 


Ag 
1 ''',:" 
2 
CAS 
DOUT 
3 ,,: 


DIN 
5 ,,,':" 
4 
GND 
,:" 
6 
WE 
RAS 
7 ,.... 
8 
A 


NC 
9 ,,:: ,,; 10 ~o 


Ao 
11 '" 
A2 
13 ",": 
12 
A1 
V 
15 ",::: 
14 A3 
c;: 
17 ,,:' ,,: 16 A4 
5 
,,,: 
18 A 
A7 
19 '" 
6 
,::: 
20 
A8 
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Name 
Function 


~-AlO 
Address inputs 
~ 
Column address strobe 


DIN 
Data input 


Dour 
Data output 
~ 
Row address strobe 


WE 
Write enable 


GND 
Ground 


Vcc 
+5-volt 
power supply 


NC 
No connection 


Ordering Information 


Row Access 
RIW Cycle 
Fast-Page 
Time 
Time 
Cycle 
(max) 
(m!n) 
(mln) 
Package 


"PD424100LB-70 
---------------- 
LB-SO 


LB-lO 


"PD424100V-70 
---------------- 
V-SO 


V-10 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSrG 


Short-circuit 
output current, 
los 


Power dissipation, 
Po 


-1.0to 
+7.0V 
o to +70°C 


-55 to + 125°C 


50 mA 


1.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Input voltage, high 
VIH 
2.4 
Vcc 
+ 1.0 
V 


Input voitage, low 
VIL 
-1.0 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
0 
70 
°C 


70 ns 
140 ns 
45 ns 
26/20-pin 


80 ns 
160 ns 
50 ns 
plastic 
Capacitance 
SOJ 
100 ns 
190 ns 
60 ns 
TA = 25°C; f = 1 MHz 


70 ns 
140 ns 
45 ns 
20-pin 
Parameter 


80 ns 
160 ns 
50 ns 
plastic ZIP 
Input capacitance 


100 ns 
190 ns 
60 ns 


Notes: 


(1) Contact your NEC sales representative 
for data sheet and prod- 
uct availability 
for the "PD424100LB-70 
and "PD424100V-70. 


Symbol 
Max 
Unit 
Pins Under Test 


CI1 
5 
pF 
Address, DIN 


C/2 
7 
pF 
RAS, 'CAS, WE 


Co 
7 
pF 
Dour 


t\'EC 


IIPD424100 
NEe 


DC Characteristics 
TA = 0 to + 70°C; VCC = +5.0 V ± 10% 


Parameter 
Symbol 
Min 
Max 
Unit 
Test Conditions 


Standby current 
ICC2 
2.0 
mA 
RAS = CAS 2: VIH (min) 


1.0 
mA 
RAS = CAS 2: VCC - 0.2 V 


Input leakage current 
II(L) 
-10 
10 
p.A 
VIN = 0 V to VCC; 
all other pins not under test = 0 V 


Output 
leakage current 
10(L) 
-10 
10 
p.A 
DOUT disabled; 
VOUT = 0 V to VCC 


Output voltage, low 
VOL 
0.4 
V 
10L = 4.2 mA 


Output voltage, high 
VOH 
2.4 
V 
10H = -5 mA 


AC Characteristics 
TA = 010 
+70°C; VCC = +5.0V 
±10% 


p.PD424100 -80 
p.PD424100-10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Operating 
current, average 
ICC1 
90 
80 
mA 
RAS and CAS cycling; tRC = 
tRC min; 10 = 0 mA (Note 5) 


Operating 
current, 
RAS-only refresh 
ICC3 
90 
80 
mA 
RAS cycling; 
CAS 2: V1H; 


cycle, average 
tRC = tRC min; 10 = 0 mA 
(Note 5) 


Operating 
current, fast-page cycle, 
ICC4 
70 
60 
mA 
RAS s V1L;CAS cycling; 


average 
tpc = tpc min; 10 = 0 mA 
(Note 5) 


Operating 
current, (;AS before RAS 
Iccs 
90 
80 
mA 
RAS cycling; (;AS before RAS; 


refresh cycle, average 
tRC = tRC min; 10 = 0 mA 
(Note 5) 


Access time from column address 
tAA 
40 
50 
ns 
(Notes 7,9) 


Access time from (;AS precharge 
tAcP 
45 
55 
ns 
(Notes 7,9) 
(rising edge) 


Column address setup time 
tASC 
0 
0 
ns 


Row address setup time 
tASR 
0 
0 
ns 


Coiumn address to WE delay time 
tAWD 
40 
50 
ns 
(Note 16) 


Access time from (;AS (falling 
edge) 
tCAC 
20 
25 
ns 
(Notes 7,9) 


Coiumn address hold time 
tCAH 
15 
20 
ns 


(;AS pulse width 
tCAS 
20 
10,000 
25 
10,000 
ns 


CAS hold time for CAS before roiS 
tCHR 
15 
20 
ns 


refresh cycle 


(;AS to output 
in low impedance 
teLZ 
0 
0 
ns 
(Note 7) 


CAS precharge time, fast-page cycle 
tcp 
10 
10 
ns 


(;AS precharge time, nonpage cycle 
tCPN 
10 
10 
ns 


CAS to RAS precharge time 
tCRP 
10 
10 
ns 
(Note 12) 


CAS hold time 
tCSH 
80 
100 
ns 


CAS setup time for (;AS before RAS 
tCSR 
10 
10 
ns 
refresh cycle 


CAS to WE delay 
tCWD 
20 
25 
ns 
(Note 16) 


Write command 
to CAS lead time 
tCWL 
15 
20 
ns 


Data-in hold time 
tDH 
15 
20 
ns 
(Note 15) 
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AC Characteristics 
(cont) 


"PD424100-80 
"PD424100-10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


Data-in setup time 
tos 
0 
a 
ns 
(Note 15) 


Output 
buffer turnoff 
delay 
tOFF 
a 
20 
a 
25 
ns 
(Note 10) 


Fast-page cycle time 
tpc 
50 
60 
ns 
(Note 6) 


Fast-page read-modify-write 
cycle time 
tpRWC 
80 
95 
ns 
(Note 6) 


Access time from RAS 
tRAG 
80 
100 
ns 
(Notes 7,8) 


RAS to column address delay time 
tRAO 
17 
40 
17 
50 
ns 
(Note 9) 


Row address hold time 
tRAH 
12 
12 
ns 


Column address lead time referenced 
tRAL 
40 
50 
ns 


to RAS (rising edge) 


RAS pulse width 
tRAS 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, fast-page cycle 
tRASP 
80 
125,000 
100 
125,000 
ns 


Random read or write cycle time 
lflc 
160 
190 
ns 
(Note 6) 


RAS to <::AS delay time 
tRCO 
25 
60 
25 
75 
ns 
(Note 11) 


Read command 
hold time referenced 
tRCH 
a 
a 
ns 
(Note 13) 


to~ 


Read command 
setup time 
tRCS 
a 
a 
ns 


Refresh period 
tREF 
16 
16 
ms 
Addresses Ao - Ag 


RAS precharge time 
tRP 
70 
80 
ns 
II 


RAS precharge ~ 
hold time 
tRPC 
10 
10 
ns 


Read command 
hold time referenced 
tRRH 
10 
10 
ns 
(Note 13) 


to RAS 


RAS hold time 
tRSH 
20 
25 
ns 


Read-write cycle time 
tRWC 
185 
220 
ns 
(Note 6) 


RAS to WE delay 
tRwo 
80 
100 
ns 
(Note 16) 


Write command 
to RAS lead time 
tRWL 
20 
25 
ns 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
ns 
(Note 3) 


Write command 
hold time 
tWCH 
15 
20 
ns 


Write command 
setup time 
twcs 
a 
a 
ns 
(Note 16) 


WE hold time 
tWHR 
15 
20 
ns 


Write command 
pulse width 
twP 
15 
20 
ns 
(Note 14) 


WE setup time 
tWSR 
10 
10 
ns 
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Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 1001's is required after power-up, followed 
by 
any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 
achieved. 
At the 
end of ,the 
initial 
power-up 
sequence, 
it is 
recommended 
that either a RAS-on!l.!efresh 
or a CAS before 
RAS refresh cycle be executed while WE co VIH to ensure normal 
operation. 


(3) AC measurements 
assume tT = 5 ns. 


(4) V1H(min) and V1L (max) are reference levels for measuring 
the 
timing 
of input signals. Transition 
times are measured 
between 
VIH and V1L. 


(5) ICC1' ICC3' ICC4' and Iccs depend on output 
loading and cycle 
rates. Specified values are obtained 
with the output open. ICC3 


is measured assuming that all column address inputs are held at 
either a high level or a low level during 
RAS-only refresh cycles. 
ICC4 is measured 
assuming 
that all column address inputs are 


switched 
only once during 
each fast-page cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 
time at which 
proper operation 
over the full temperature 
range 
(TA = 0 to +70'C) is assured. 


(7) 
Load = 2 TTL (-1 mA, +4 mAl loads and 100 pF (VOH = 2.0 V, 
VOL = 0.8V). 


(8) Assumes that tRCD 5 tRCD (max) and tRAD 5 tRAD (max). If 
tRCD or tRAD is greater than the maximum 
recommended 
value 


in this table, tRAC increases 
by the amount that tRCD or tRAD 
exceeds the vaiue shown. 


(9) If tRAD co tRAD (max), then the access time is defined 
by tAA' 


(10) tOFF (max) defines the time at which the output 
achieves the 
open-circuit 
condition 
an is not referenced to VOH or VOL' 


(11) Operation 
within 
the tRCD (max) limit assures that tRAG (max) 


can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than tRCD (max), then access time is controlled 
exclusively 
by tCAC' 


(12) The tCRP requirement 
should be applicable 
for RAS/CAS cycles 


preceded 
by any cycle. 


(13) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(14) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. 
For early 
write 
operation, 


both twcs 
and tWCH must be met. 


(15) These parameters 
are referenced to the fal~ 
edge of CAS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(16) twcs, 
tRWD. tCWD, and tAWD are restrictive 
operating 
parame- 


ters in read·write/read·modify-write 
cycles only. If twcs 
co twcs 


(min), the cycle is an early write cycle and the data output 
will 


remain open-circuit 
throughout 
the entire cycle. If tCWD co tcwD 


(min), tRWD co tRWD (min), and tAWD co tAWD (min), the cycle is 
a read-write cycle and the data output will contain data read from 
the selected 
cell. If neither of the above conditions 
is met, the 


condition 
of the data output 
pin (at access time and until CAS 


returns to V1H)is indeterminate. 


(17) A test mode may be initiated 
by executing 
a CAS before RAS 


refresh cycle with WE held at V1L.This mode also may inadvert- 
ently 
be initiated 
during 
power-up because external 
control of 


the signal lines is very difficult 
during this period. It is therefore 


recommended 
that while WE is held at VIH. either a RAS-only or 


CAS before RAS refresh cycle should be executed 
at any time 


after the end of the initial power-up sequence to ensure normal 
device operation. 


NEe 


Timing 
Waveforms 


Read Cycle 


II 


Timing Waveforms 
(cant) 


Early Write Cycle 


I" 
tCSH 


Timing Waveforms (cont) 


Late Write Cycle 


tcsH----------1 


IRSH 


tCAS 


r-tCWL -J 
I 


r-tRWL~ 


II 
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Timing Waveforms (cant) 


Read-Write/Read-Modify-Write 
Cycle 
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Timing Waveforms (cant) 


Fast-Page Read Cycle 


II 
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Timing Waveforms (cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cant) 


Fast-Page Read-Write/Read-Modify-Write 
Cycle 


Timing Waveforms 
(cont) 


RA5-0nly Refresh Cycle 


-J~' 
CAS 


Note: 


[1] 
WE~VIH. 
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Timing Waveforms (cont) 


CAS Before RAS Refresh Cycle 


II 
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Timing Waveforms (cant) 


Hidden Refresh Cycle 
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pPD424101 


4,194,304 x 1·Bit 


Dynamic CMOS RAM 


Description 


The pPD424101 is a nibble mode dynamic RAM orga- 
nized as 4,194,304 words by 1 bit and designed to 
operate from a single + S-volt power supply. Advanced 
polycide technology using trench capacitors minimizes 
silicon area and provides high storage cell capacity, 
high 
performance, 
and 
high 
reliability. 
A 
single- 


transistor 
dynamic storage cell and advanced CMOS 


circuitry 
throughout 
ensure minimum power dissipa- 


tion, while an on-chip circuit internally generates the 
negative-voltage 
substrate 
bias-automatically 
and 


transparently. 


The three-state output is controlled 
by CAS indepen- 


dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the output by holding CAS low. 
The data output 
is returned to high impedance 
by 


returning CAS high. Nibble mode read and write cycles 
can be executed by cycling CAS. 


Refreshing may be accomplished 
by means of a CAS 


before RAS cycle that internally generates the refresh 
address. Refreshing 
can also be accomplished 
by 


means of RAS-only refresh cycles or by normal read or 
write cycles on the 1024 address combinations 
of Ao 


through Ag during a 16-ms refresh period. 


o 4,194,304-word by 1-bit organization 
o Single + S-volt ±10% power supply 
o Nibble mode option 
o Low power dissipation 
o CAS before RAS refresh cycles 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o Nonlatched, three-state outputs 
o Low input capacitance 
o TTL-compatible 
inputs and outputs 


o 1024refresh cycles every 16 ms 
o 26/20-pin SOJ or 20-pin plastic ZIP packaging 


GND 


DOUT 


CAS 


NC 


A9 


A9 
1 '''. '" 
2 
CAS 
DOUT 
3 '''. '" 
4 
GND 


DIN 
5 '''. '" 
6 
WE 
RAS 
7 ,. 
..: 8 
A 


NC 
9 "' •. :: 10 ~o 
AO 
11 
'" 
A2 
13 ,,:::: 
12 A 1 
V 
15 ,,:::: 
14 A3 
cc 
"" 
16 A 
As 
17 ,,: 
4 


A7 
19 ,,:::: 
18 A6 
.:" 
20 A8 
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Name 
Function 


Ao - A10 
Address inputs 


CAS 
Column address strobe 


DIN 
Data input 


DOUT 
Data output 


MS 
Row address strobe 


WE 
Write enable 


GND 
Ground 


Vcc 
+5-volt 
power supply 


NC 
No connection 


Ordering Information 


Row Access 
RfW Cycle 
Nibble 
lime 
Time 
Cycle 
Part Number 
(max) 
(min) 
(min) 
Package 


"PD424101 LB-70 
70 ns 
140 ns 
40 ns 
26/20-pin 


LB-80 
80 ns 
160 ns 
40 ns 
plastic 
SOJ 
LB-l0 
100 ns 
190 ns 
45 ns 


"PD424101V-70 
70 ns 
140 ns 
40 ns 
20-pin 


V-80 
80 ns 
160 ns 
40 ns 
plastic ZIP 


V-l0 
100 ns 
190 ns 
45 ns 


Notes: 


(1) Contact 
your NEC sales representative 
for data sheet and prod- 
uct availability 
of the "PD424101-70. 


Absolute Maximum Ratings 


Voltage on any pin relative to GND, VT 


Operating lemperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuil 
output current, 
105 


Power dissipation, 
Po 


-1.0to+7.0V 


o to +70'C 


-55 to + 125'C 


50mA 


1.0 W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Input voltage, high 
VIH 
2.4 
Vcc 
+ 1.0 
V 


Input voltage, low 
VIL 
-1.0 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
0 
70 
'C 


Capacitance 
TA = 25'C; f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


Input capacitance 
Cl1 
5 
pF 
Address, DIN 


CI2 
7 
pF 
MS, CAS, WE 


Output capacitance 
Co 
7 
pF 
DOUT 


NEe 


~ 
~ 
::> 
Ii; 
CD 
8 
Ao-A10 
" 
'" 
0 
:g. 
0 
i!' 
'" 
Memory Array 
~ 
" 
0 
" 
3: 
« 
0a: 
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DC Characteristics 
TA = 0 to + 70·C; vcc = +5.0 V ±10% 


Parameter 
Symbol 
Min 
Max 
Unit 
Test Conditions 


Standby 
current 
ICC2 
2.0 
mA 
RAS = "CAS"'" VIH (min) 


1.0 
mA 
RAS = "CAS"'" VCC - 0.2 V 


Input leakage current 
II(l) 
-10 
10 
/lA 
V1N= 0 V to VCC; 
all other pins not under test = 0 V 


Output 
leakage current 
10(l) 
-10 
10 
/lA 
Dour 
disabled; 
Your = 0 V to VCC 


Output 
voltage, low 
VOL 
0.4 
V 
10l = 4.2 mA 


Output voltage, high 
VOH 
2.4 
V 
10H = -5 mA 


AC Characteristics 
TA = 0 to + 70·C; vcc = +5.0 V ± to% 


I'PD424101-80 
I'PD424101-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Operating 
current, average 
ICCI 
90 
80 
mA 
RAS and "CAS"cycling; tRC = 
tRC min; 10 = 0 mA (Note 5) 


Operating 
current, RAS-only 
refresh 
ICC3 
90 
80 
mA 
RAS cycling; CAS '" V1H; 
cycle, average 
tRC = tRC min; 10 = 0 mA 
(Note 5) 


Operating 
current, average, ni bble 
ICC4 
70 
60 
mA 
RAS s V1l; "CAS"cycling; 


mode 
tNC = tNC min; 10 = 0 mA 
(Note 5) 


Operating 
current, "CAS"before RAS 
ICC5 
90 
80 
mA 
RAS cycling; "CAS"before RAS; 


refresh cycle, average 
tRC = tRC min; 10 = 0 mA 
(NoteS) 


Access time from column address 
tAA 
40 
50 
ns 
(Notes 7,9) 


Column address setup time 
tASC 
0 
0 
ns 


Row address setup time 
tASR 
0 
0 
ns 


Column address to WE delay time 
tAWD 
40 
50 
ns 
(Note t6) 


Access time from "CAS"(falling 
edge) 
tCAC 
20 
25 
ns 
(Notes 7, 9) 


Column address hold time 
tCAH 
15 
20 
ns 


"CAS"pulse width 
tCAS 
20 
10,000 
25 
10,000 
ns 


"CAS"hold time for "CAS"before RAS 
tCHR 
t5 
20 
ns 
refresh cycle 


CAS precharge time, non-nibble 
cycle 
tCPN 
to 
to 
ns 


"CAS"to RAS precharge time 
tCRP 
to 
10 
ns 
(Note 12) 


"CAS"hold time 
tCSH 
80 
100 
ns 


"CAS"setup time for "CAS"before RAS 
tCSR 
to 
to 
ns 
refresh cycle 


"CAS"to WE delay 
tCWD 
20 
25 
ns 
(Note 16) 


Write command 
to CAS lead time 
tCWl 
15 
20 
ns 


Data·in hold time 
lDH 
15 
20 
ns 
(Note 15) 


Data·in setup time 
IDS 
0 
0 
ns 
(Note 15) 


Nibble mode access time 
!NAC 
20 
25 
ns 


"CAS"pulse width in ni bble mode 
!NAS 
20 
25 
ns 


Nibble mode cycle time 
tNC 
40 
45 
ns 


6-170 


NEe 
pPD424101 


AC Characteristics 
(cant) 


,,PD424101-ao 
"PD424101-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


~ 
to WE delay In nibble mode 
tNCWO 
20 
25 
ns 


Write command 
to ~ 
lead time in 
tNCWL 
20 
25 
ns 


nibble mode 


~ 
precharge time in nibble mode 
tNP 
10 
10 
ns 


~ 
hold time for nibble 
read cycle 
tNRRSH 
20 
25 
ns 


~ 
hold time for nibble write cycle 
tNWRSH 
20 
25 
ns 


Output 
buffer turnoff 
delay 
tOFF 
0 
20 
0 
25 
ns 
(Note 10) 


Access time from ~ 
tRAG 
80 
100 
ns 
(Notes 7, 8) 


~ 
to column address delay lime 
lRAO 
17 
40 
17 
50 
ns 
(Note9) 


Row address hold time 
tRAH 
12 
12 
ns 


Column address lead time referenced 
tRAL 
40 
50 
ns 


to ~ 
(rising edge) 


~ 
pulse width 
tRAS 
80 
10,000 
100 
10,000 
ns 


~ 
puise width In ni bble mode 
tRASP 
80 
125,000 
100 
125,000 
ns 


Random read or write cycle time 
tRC 
160 
190 
ns 
(Note6) 


~ 
to ~ 
delay time 
tRCO 
25 
60 
25 
75 
ns 
(Note 11) 


Read command 
hold time referenced 
tRCH 
0 
0 
ns 
(Note 13) 


to~ 
III 


Read command 
setup time 
tRCS 
0 
0 
ns 


Refresh period 
tREF 
16 
16 
ms 
Addresses Ao - Ag 


~ 
precharge time 
tRP 
70 
80 
ns 


~ 
precharge ~ 
hold time 
lRPC 
10 
10 
ns 


Read command 
hold time referenced 
tRRH 
10 
10 
ns 
(Nole 13) 


to~ 


~holdtime 
tRSH 
20 
25 
ns 


Read-write cycle time 
tRWC 
185 
220 
ns 
(Note6) 


~toWEdelay 
tRWO 
80 
100 
ns 
(Note 16) 


Write command 
to ~ 
lead time 
tRWL 
20 
25 
ns 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
ns 
(Note3) 


Write command 
hold time 
tWCH 
15 
20 
ns 


Write command 
setup time 
twcs 
0 
0 
ns 
(Note 16) 


WE hold time 
tWHR 
15 
20 
ns 


Write command 
pulse width 
twP 
15 
20 
ns 
(Note 14) 


WE setup time 
tWSR 
10 
10 
ns 


t\'EC 


Notes: 


(1) All vol1ages are referenced to GND. 


(2) An initial pause of 100 p.s is required after power-up, followed by 
any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 
achieved. 
At the 
end of the 
initial 
power-up 
sequence, 
it is 
recommended 
that either a RAS-on!L!:efresh 
or a CAS before 
RAS refresh cycle be executed while WE 2: V1Hto ensure normal 
operation. 


(3) AC measurements 
assume tT = 5 ns. 


(4) V1H(min) and V'L (max) are reference levels for measuring 
the 
timing 
of input signals. Transition 
times are measured be1ween 
V1Hand VIL' 


(5) 
ICCt, ICC3. ICC4' and Iccs depend on output 
loading and cycle 
rates. Specified 
values are obtained 
with the output open. ICC3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during 
RAS-only refresh cycles. 


ICC4 is measured 
assuming 
that all column address inputs are 
switched 
only once during 
each ni bble cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 
time at which 
proper operation 
over the full temperature 
range 
(TA = 0 to + 70°C) is assured. 


(7) 
Load = 2 TTL (-1 mA, +4 mAl loads and 100 pF (VOH = 2.0 V, 
VOL = 0.8 V). 


(8) Assumes that tACO s tACO (max) and tAAO s 
tAAO (max). If 


tACO or tAAO is greater than the maximum 
recommended 
value 
in this table. tAAC increases 
by the amount that tACO or tAAO 
exceeds the value shown. 


(9) 
If 1RAO 2: tAAO (max), then the access time is defined 
by tAA' 


(10) tOFF (max) defines the time at which 
the output 
achieves the 
open-circuit 
condition 
an is not referenced to VOH or VOL' 


(11) Operation 
within the tACO (max) limit assures that tAAG (max) 


can be met. tACO (max) is specified 
as a reference point only; if 


tACO is greater than tACO (max), then access time is controlled 
exclusively 
by tCAC. 


(12) The tCAP requirement 
should be applicable 
for RASiCAS cycles 


preceded by any cycle. 


(13) Either tAAH or tACH must be satisfied 
for a read cycle. 


(14) Parameter twP is applicable 
for a delayed write cycle such as a 


read-writeiread-modify-write 
cycle. 
For 
early 
write 
operation, 


both twcs 
and tWCH must be met. 


(15) These parameters 
are referenced to the fal~ 
edge of CAS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(16) twcs, 
tAWO. tCWO. and tAWOare restrictive 
operating 
parame- 


ters in read-writeiread-modify-write 
cycles only. If twcs 
2: twcs 


(min), the cycle is an early write cycle and the data output will 
remain open-circuit 
throughout 
the entire cycle. If tcwo 
2: tcwo 


(min), tAWO 2: tAwo (min). and tAWO 2: tAwO (min), the cycle is 
a read-write cycle and the data output will contain data read from 
the selected 
cell. If neither of the above conditions 
is met, the 


condition 
of the data output 
pin (at access time and until CAS 


returns to V,w is indeterminate. 


(17) A test mode may be initiated 
by executing 
a CAS before RAS 


refresh cycle with WE held at V1L.This mode also may inadvert- 
ently 
be initiated 
during 
power-up because 
external 
control of 


the signal lines is very difficult 
during this period. It is therefore 


recommended 
that while WE is held at V1H,either a RAS-only or 


CAS before RAS refresh cycle should 
be executed 
at any time 


after the end of the initial power-up sequence 
to ensure normal 


device operation. 
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Timing Waveforms 


Read Cycle 


Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write 
Cycle 
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Timing Waveforms (cant) 


Nibble Read Cycle 


tCAH 


I 
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Timing Waveforms (cont) 


Nibble Early Write Cycle 
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Timing Waveforms (cont) 


Nibble Read-WritelRead-Modify-Write 
Cycle 


tCAH 
II 
II 


lCAC 
I 


tOFF -+-I 
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Timing Waveforms (cont) 


RA5-0nly Refresh Cycle 


IRC 


IRAS 
_IRP 
\ 


ICRP_ 
+-tRPC 


Note: 
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Timing Waveforms (cant) 


CAS Before HAS Refresh Cycle 
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Timing Waveforms 
(cant) 


Hidden Refresh Cycle 
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Cycle 
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pPD424102 


4,194,304 x 1·Bit 


Dynamic CMOS RAM 


Description 


The /lPD424102 is a static-column 
dynamic RAM orga- 


nized as 4,194,304 words by 1 bit and designed to 
operate from a single + S-volt power supply. Advanced 
polycidetechnology 
using trench capacitors minimizes 


silicon area and provides high storage cell capacity, 
high 
performance, 
and 
high 
reliability. 
A 
single- 


transistor 
dynamic storage cell and advanced CMOS 


circuitry 
throughout 
ensure minimum power dissipa- 


tion, while an on-chip circuit internally generates the 
negative-voltage 
substrate 
bias-automatically 
and 


transparently. 


The three-state output is controlled by CS independent 
of RAS. After a valid read or read-modify-write cycle, 
data is held on the output by holding CS low. The data 
output is returned to high impedance by returning CS 
high. Static-column. read and write cycles can be exe- 
cuted by cycling CS. 


Refreshing may be accomplished 
by means of a CS 


before RAS cycle that internally generates the refresh 
address. Refreshing can also be accomplished 
by 


means of RAS-only refresh cycles or by normal read or 
write cycles on the 1024 address combinations 
of Ao 


through A9 during a 16-ms refresh period. 


Features 


o 4,194,304-word by 1-bit organization 
o Single + S-volt ± 10% power supply 
o Static-column option 
o Low power dissipation 
o CS before RAS refresh cycles 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o Nonlatched, three-state outputs 
o Low input capacitance 
o TTL-compatible 
inputs and outputs 


o 1024refresh cycles every 16 ms 
o 26/20-pin SOJ or 20-pin plastic ZIP packaging 


GNO 


DOUT 
Cs 


NC 


A9 


A9 
1 '::,::: 
2 
Cs 


DOUT 
3 '::,::: 
4 
GND 


DIN 
5 '::,::: 
6 
WE 
RAS 
7'::'''8 
A 
NC 
9 <::: ;;; 
10 ~o 


Ao 
11 '::,::: 
12 A1 
A2 
13 ,:: 


Vcc 
15 <::'::' 
14 A3 
As 
17 <::'::' 
16 A4 


A7 19 <::'::' 
18 A6 


,::, 
20 
A8 
II 
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Name 
Function 


Ao -AtO 
Address inputs 


CS 
Chip select 


DIN 
Data input 


DOUT 
Data output 


FlAB" 
Row address strobe 


WE 
Write enable 


GND 
Ground 


Vcc 
+5-volt 
power supply 


NC 
No connection 


Capacitance 
TA = 25°C; f = 1 MHz 


Parameter 
Symbol 


Input capacitance 
Cl1 


CI2 


Output capacitance 
Co 


Max 
Unit 
Pins Under Test 


5 
pF 
Address, DIN 


7 
pF 
FlAB", CS, 
WE 


7 
pF 
DOUT 


"PD424102LB-70 


LB-80 


LB-l0 


"PD424102V-70 


V-80 


V-l0 


Row Access 
Time (max) 


70 ns 


80 ns 


100 ns 


70 ns 


80 ns 


100 ns 


RIW Cycle Time (mln) 


140 ns 


160 ns 


190 ns 


140 ns 


160 ns 


190 ns 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Inpul voltage, high 
VIH 
2.4 
Vcc 
+ 1.0 
V 


Input voltage, low 
V1L 
-1.0 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
0 
70 
°C 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output current, 
105 


Power dissipation, 
Po 


-1.0to 
+7.0 V 
o to +70°C 


-55 to + 125°C 


50mA 


1.0 W 


Exposure 
to Absolute 
Maximum 
Ratings for extended 
periods may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device shouid 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Static-Column 
Cycle (min) 


40 ns 


50 ns 


60 ns 


40 ns 


50 ns 


60 ns 


Package 


26/20-pin 
plastic SOJ 


Notes: 


(1) Contact your NEC sales representative 
for data sheet and prod- 


uct availability 
of the "PD424102-70. 
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DC Characteristics 
TA = 0 to +70'C; 
vcc 
= +5.0 V ±10% 


Parameter 


Standby 
current 


Symbol 


ICC2 


Max 
Unit 
Test Conditions 


2.0 
mA 
RAS = "C"S•• VIH (mln) 


1.0 
mA 
RAS = "C"S•• VCC - 0.2 V 


10 
p.A 
VIN = 0 V to VCC; all other pins not under test = 0 V 


10 
p.A 
DOUT disabled; 
VOUT = 0 V to VCC 


0.4 
V 
10L = 4.2 mA 


V 
10H = -5 mA 


Input leakage current 


Output 
leakage current 


Output 
voltage, low 


Output voltage, high 


AC Characteristics 
TA = 0 to + 70'C; VCC = +5.0 V ± 10% 


Parameter 


Operating 
current, 
average 


Operating 
current, RAS-only 
refresh 
cycle, average 


Static column operating 
current, 
average 


Operating 
current, "C"Sbefore RAS 


refresh cycle, average 


Access time from column address 


Column address hold time referenced 
to RAS (rising 
edge) 


Column address setup time 


Row address setup time 


Column address to WE delay time 


Access time from CS (falling 
edge) 


Column address hold time 


"C"Shold time for"C"S before RAS 
refresh cycle 


"C"Sprecharge time, static-column 


"C"Sprecharge 1ime, nonpage cycle 


CS to RAS precharge time 


"C"Spulse width 


"C"Shold time 


"C"Ssetup time for CS before RAS 
refresh cycle 


"C"Sto WE delay 


Write command 
to CS lead time 


Data-in hold time 


Data-in setup time 


Output 
buffer turnoff 
delay 


p.PD424100·ao 
p.PD424100-10 


Symbol 
Mln 
Max 
Mln 
Max 
Unit 


ICCl 
90 
80 
mA 


ICC3 
90 
80 
mA 


ICC4 
70 
60 
mA 


ICC5 
90 
80 
mA 


tAA 
40 
50 
ns 


tAH 
15 
15 
ns 


tAsc 
0 
0 
ns 


tASR 
0 
0 
ns 


tAWO 
40 
50 
ns 


tCAG 
20 
25 
ns 


tCAH 
15 
20 
ns 


tCHR 
15 
20 
ns 


tcp 
10 
10 
ns 


tCPN 
10 
10 
ns 


tCRP 
10 
10 
ns 


tcs 
20 
100,000 
25 
100,000 
ns 


tCSH 
80 
100 
ns 


tCSR 
10 
10 
ns 


tcwo 
20 
25 
ns 


tCWL 
15 
20 
ns 


tOH 
15 
20 
ns 


tos 
0 
0 
ns 


tOFF 
0 
20 
0 
25 
ns 


Test Conditions 


RAS and "C"Scycling; tRC = tRC 
mini 10 = 0 mA (Note 5) 


RAS cycling; "C"S•• VIH; 
tRC = tRC min; '0 = 0 mA 
(Note 5) 


RAS s VIL; "C"Scycling; 
tpc = tpc min; 10 = 0 mA 
(Note 5) 


RAS cycling; "C"Sbefore RAS; 
tRC = tRC mini 10 = 0 mA 
(Note 5) 


(Notes 7, 9) 


(Note 15) 


(Notes 7, 8, 9) 


(Note 14) 


(Note 14) 


(Note 10) 


,..,EC 
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AC Characteristics 
(cont) 


"PD424100·S0 
"PD424100-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Output 
hold time from address 
toH 
5 
5 
ns 


Output 
hold time from WE 
toHW 
10 
10 
ns 


Access time from previous WE 
tpwA 
90 
110 
ns 
(Note 7,17) 


Column address hold time referenced 
!PWH 
90 
110 
ns 


to previous WE 


Access time from ~ 
tRAG 
80 
100 
ns 
(Notes 7,8) 


~ 
to column address delay time 
tRAD 
17 
40 
17 
50 
ns 
(Note 9) 


Row address hold time 
tRAH 
12 
12 
ns 


Column address lead time referenced 
tRAL 
40 
50 
ns 


to ~ 
(rising edge) 


~ 
pulse width 
tRAS 
80 
10,000 
100 
10,000 
ns 


Static-coiumn 
~ 
pulse width 
tRASC 
80 
100,000 
100 
100,000 
ns 


Random read or write cycle time 
tRc 
160 
190 
ns 
(Note 6) 


~ 
to CS delay time 
tRCD 
25 
60 
25 
75 
ns 
(Note 8) 


Read command 
hold time referenced 
tRCH 
0 
0 
ns 
(Note 12) 


toCS 


Read command 
setup time 
tRCS 
0 
0 
ns 


Refresh period 
tREF 
16 
16 
ms 
Addresses Ao - Ag 
II 


~ 
precharge time 
tRP 
70 
80 
ns 


~ 
precharge CS hold time 
tRPC 
10 
10 
ns 


Read command 
hold time referenced 
tRRH 
10 
10 
ns 
(Note 12) 


to~ 


Read cycle time 
tRSC 
50 
60 
ns 


~holdtime 
tRSH 
20 
25 
ns 


~ 
to second WE delay time 
tRSW 
95 
115 
ns 


Read-write cycle time 
tRWC 
185 
220 
ns 
(Note 6) 


~toWEdelay 
tRWD 
80 
100 
ns 
(Note 15) 


Write command 
to ~ 
lead time 
tRwL 
20 
25 
ns 


Static-column 
read/write cycle time 
iRwsc 
95 
115 
ns 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
ns 
(Note 3) 


WE to column address delay time 
tWAD 
20 
45 
25 
55 
ns 
(Note 17) 


Write command 
hold time 
tWCH 
15 
20 
ns 


Write command 
setup time 
twcs 
a 
a 
ns 
(Note 15) 


WE hold time 
tWHR 
15 
20 
ns 


Write invalid time 
tWI 
10 
10 
ns 


Write command 
pulse width 
twP 
15 
20 
ns 
(Note 13) 


Write cycle time 
twsc 
50 
60 
ns 


WE setup time 
tWSR 
10 
10 
ns 


NEe 


Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 "s is required after power-up, followed by 
any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 
achieved. 
At the end 
of t~nitial 
power-up 
s~uence, 
~ 
recommended 
that either a RAS-o~efresh 
or a CS before RAS 
refresh cycle 
be executed 
while WE « VIH to ensure normal 
operation. 


(3) AC measurements 
assume tT = 5 ns. 


(4) V1H (min) and V1L(max) are reference levels for measuring 
the 
timing 
of input signals. Transition 
times are measured 
between 
V1Hand VIL' 


(5) ICC1' ICC3, ICC4' and Iccs depend on output 
loading and cycle 
rates. Specified values are obtained 
with the output open. ICC3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during 
RAS-only refresh cycles. 


ICC4 is measured 
assuming 
that all column address inputs are 
switched 
only once during 
each fast-page 
cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 
time at which 
proper operation 
over the full temperature 
range 


(TA = 0 to +70'C) 
is assured. 


(7) 
Load = 2 TTL (-1 mA, +4 mAl loads and 100 pF (VOH = 2.0 V, 
VOL = 0.8V). 


(8) Assumes that tRCD S tRCD (max) and tRAD S tRAD (max). If 


tRCD or tRAD is greater than the maximum 
recommended 
value 
in this table, tRAC increases 
by the amount that tRCD or tRAD 
exceeds the value shown. 


(9) 
If tRAD « tRAD (max), then the access time is defined 
by tAA' 


(10) tOFF (max) defines the time at which 
the output 
achieves the 
open-circuit 
condition 
and is not referenced to VOH or VOL' 


(11) The tCRP requirement 
should 
be applicable 
for RAS/CS cycles 


preceded by any cycle. 


(12) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(13) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. 
For 
early 
write 
operation, 


both twcs 
and tWCH must be met. 


(14) These parameters 
are referenced to the falling 
edge of CS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(15) twcs, 
tRWD, tCWD, and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-modify-write 
cycles only. If twcs 
« twcs 


(min), the cycle is an early write cycle and the data output will 
remain open-circuit 
throughout 
the entire cycle. If tCWD « tCWD 


(min). tRWD « tRWD (min), and tAwD « tAwD (min), the cycle is 
a read-write cycle and the data output will contain data read from 
the selected 
cell. If neither of the above conditions 
is met, the 


condition 
of the data output 
pin (at access time and until 
CS 


returns to V1H)is indeterminate. 


(16) A test mode may be initiated 
by executing 
a CS before RAS 


refresh cycle with WE held at V1L.This mode also may inadvert- 
ently 
be initiated 
during 
power-up because external 
control of 


the signal lines is very difficult 
during this period. It is therefore 


recommended 
that while WE is held at V1H,either a RAS-only or 


CS before RAS refresh cycle should 
be executed 
at any time 


after the end of the initial power-up sequence to ensure normal 
device operation. 


(17) Assumes that tWAD s tWAD (max). 
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Timing Waveforms 


Read Cycle 


~ 
I 
l,~, 


1.---L1AA 
I.. 
tCAC 


---------t'RAC 
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Timing Waveforms (cant) 


Early Write Cycle 
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Timing Waveforms (cont) 


ute 
Write Cycle 


IRSH 


tes 
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Timing Waveforms (cant) 


Read-Write/Read-Modify-Write 
Cycle 
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Timing Waveforms (cant) 


RA5-0nly Refresh Cycle 


Note: 


[11 WE~VIH' 
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Timing Waveforms 
(cant) 


CS Before RAS Refresh Cycle 


Note: 


[1J Address 
- don'! care, 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Memory Cycle 


tAC 


CS 


~'AAO 


tASA1AH 
-1 
tAH 


Address 
Column 
~ 
Address 


H l.~,~ 
II 
(\\\\\\\\\\\\ 
-- 


tCAC 
.o"j ~ 


High Impedance 
valid:Data 


DOUT 


8J1H-6923B 


NEe 


Timing Waveforms (cant) 


Statio-Column Read Cycle 


NEe 


--~-~--twsc 
h-tDH 


Notes: 


[1] DOur = high Impedance. 
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Timing Waveforms (cont) 


Statio-Column 
Read-Write/Read-Modify-Write 
Cycle 


tDS 


~tDH 


Valid 
Data-In 
L 


tCAC 


tRAC 
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"PD424400 


1,048,576 x 4·Bit 


Dynamic CMOS RAM 


Description 


The /LPD424400is a fast-page dynamic RAM organized 
as 1,048,576words by 4 bits and designed to operate 
from a single + 5-volt power supply. Advanced polycide 
technology 
using trench capacitors minimizes silicon 


area and provides high storage cell capacity, high per- 
formance, and high reliability. A single-transistor 
dy- 
namic storage cell and CMOS circuitry throughout en- 
sure minimum power dissipation, while an on-chip circuit 
internally 
generates the 
negative-voltage 
substrate 


bias-automatically 
and transparently. 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS.After a valid read or read-modify-write cycle, 
data is held on the outputs by maintaining CAS low. Data 
outputs return to high impedance when CAS goes high. 
Fast-page read and write cycles can be be executed by 
cycling CAS. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also 
be accomplished 
by 


means of RAS-only refresh cycles or by normal read or 
write cycles on the 1,024 address combinations of Ao 
through A9 during a 16-ms refresh period. 


Features 


o 1,048,576by 4-bit organization 
o Single + 5-volt ± 10%power supply 
o Fast-page option 
o Low power dissipation 
o CAS before RAS refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o 1024refresh cycles every 16ms 
o 26/20-pin plastic SOJ or 20-pin plastic ZIP 


packaging 


V~ 
~ 
;:;:~ 
~ 
~~: 


GND 
5 '::,:" 
6 
VOl 
V02 
7 ,::.:" 
8 
WE 


RAS 
9 :: .. " 
10 A9 


Ao 
11 ::.. ::: 12 A1 
A2 
13 ::: 


Vcc 
15 :::; ::~ ~: 
~ 3 


AS 
17 '::,::: 
18 
A 4 


A7 
19 ::: 
6 
,::: 
20 A8 


tttlEC 


Ao -Ag 


1/01-1/°4 


CAS 


OE 


RAS 


WE 


GND 


VCC 


Function 


Address inputs 


Data inputs and outputs 


Column address strobe 


Output 
enable 


Row address strobe 


Write enable 


Ground 


+5-volt 
power supply 


"PD424400LB-70 


LB-80 


LB-10 


"PD424400V-70 


V-80 


V-10 


Row Access 
Time (max) 


70 ns 


80 ns 


100ns 


70 ns 


80 ns 


100ns 


Voltage on any pin relative to GND 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output 
current, 
los 


Power dissipation, 
Po 


-1.0to 
+7.0V 


o to +70'C 


-55 to +125 'C 


50mA 


1.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated within the limits specified 


under DC and AC Characteristics. 


RIW Cycle Time (mln) 
Fast-Page 
Cycle (mln) 
Package 


140 ns 
45 ns 
26/20-pin 
plastic SOJ 


160 ns 
50 ns 


190 ns 
60 ns 


140 ns 
45 ns 
20-pin plastic ZIP 


160 ns 
50 ns 


190 ns 
60 ns 


Notes: 


(1) Contact your NEC sales representative 
for data sheet and prod- 
uct availability 
of the "PD424400-70. 


AO 
A, 
• 


A2 
• 
A3 
• 
A4 
• 


AS 
• 


A6 
• 


A7 
• 
A6 
• 
Ag- 


NEe 


Recommended 
Operating Conditions 


Parameter 
Symbol 
Min 
Typ 


Input voltage, high 
V1H 
2.4 


Input voltage, low 
V1l 
-1.0 


Supply voltage 
VCC 
4.5 


Ambient temperature 
TA 
0 


Capacitance 


Unit 
TA = 25 ·C; f = 1 MHz 


V 
Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


V 
Input capacitance 
CI1 
5 
pF 
Addresses 


V 
CI2 
7 
pF 
RAS, CAS, 
WE, OE 


·C 
Input/output 
capacitance 
Co 
7 
pF 
1/01-1/04 


VCC + 1.0 


0.8 


DC Characteristics 
TA = 0 to +70·C; vcc 
= +5.0 ±10% 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


Standby 
current 
ICC2 
2.0 
mA 
RAS = CAS ;" V1H(min); 10 = 0 mA 


1.0 
mA 
RAS = CAS 
;" 
VCC - 0.2 V; 10 = 0 mA 


Input leakage current 
II(L) 
-10 
10 
p.A 
V1N= 0 V to VCC; all other pins not under test = 0 V 


Output 
leakage cu rrent 
10(l) 
-10 
10 
p.A 
DOUT disabled; 
VOUT = 0 V to VCC 


Output 
voltage, low 
VOL 
0.4 
V 
10l = 4.2mA 


Output 
voltage, high 
VOH 
2.4 
V 
10H = -5mA 


AC Characteristics 
TA = 0 to +70 ·C; VCC = +5.0 V ± 10% 


I1PD424400 -80 
"PD424400-10 
II 


Parameter 
Symbol 
Min 
Max 
Mln 
Max 
Unit 
Test Conditions 


Operating 
current, average 
ICC1 
90 
80 
mA 
RAS, "CAS" cycling; 
tAC = tAC min (Note 5) 


Operating 
current, RAS-only 
refresh cycle, 
ICC3 
90 
80 
mA 
RAS cycling; "CAS" ;" V1Hmin; 


average 
tAC = tAC min (Note 5) 


Operating 
current, fast-page cycle, average 
ICC4 
70 
60 
mA 
RAS s V1l; "CAS" cycling; 
tpc = tpc min (Note 5) 


Operating 
current, "CAS" before RAS refresh 
Iccs 
90 
80 
mA 
RAS cycling; "CAS" s V1l max; 
cycle, average 
tAC = tAC min (Note 5) 


Access time from column address 
tAA 
40 
50 
ns 
(Notes 3, 4, 7, 8) 


Access time from "CAS" precharge 
(rising edge) 
tACP 
45 
55 
ns 
(Notes 3, 4, 7, 8) 


Column address setup time 
tASC 
0 
0 
ns 


Row address setup time 
tASA 
0 
0 
ns 


Column address to WE delay time 
tAWD 
65 
80 
ns 
(Note 14) 


Access time from "CAS" (faJling edge) 
tCAC 
20 
25 
ns 
(Notes 3, 4, 7, 8) 


Column address hold time 
tCAH 
15 
20 
ns 


"CAS" pulse width 
tCAS 
20 
10,000 
25 
10,000 
ns 


"CAS" hold time for CAS 
before RAS refreshing 
tCHA 
15 
20 
ns 


"CAS" to output 
in low-Z 
tClZ 
0 
0 
ns 
(Note 4, 7) 


"CAS" precharge time, fast-page cycle 
tcp 
10 
10 
ns 


"CAS" precharge time 
tCPN 
10 
10 
ns 


"CAS" to RAS precharge time 
tCAP 
10 
10 
ns 
(Note 10) 


"CAS" hold time 
tCSH 
80 
100 
ns 


"CAS" setup time for "CAS" before RAS refresh 
teSA 
10 
10 
ns 
cycle 


pPD424400 
NEe 


AC Characteristics 
(cont) 


"PD424400-80 
"PD424400-10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


CAB" to WE delay 
tCWD 
45 
55 
ns 
(Note 14) 


Write command 
referenced to CAB" lead time 
tCWL 
15 
20 
ns 


Data-in hold time 
tDH 
15 
20 
ns 
(Note 13) 


Data-in setup time 
tDS 
0 
0 
ns 
(Note 13) 


Access time from DE 
tOEA 
20 
25 
ns 
(Notes 3, 4, 7, 8) 


DE data delay time 
tOED 
20 
25 
ns 


DE command 
hold time 
tOEH 
0 
0 
ns 


DE to RAS inactive setup time 
tOES 
0 
0 
ns 


Output turnoff 
delay from OE 
tOEZ 
0 
20 
0 
25 
ns 
(Note 9) 


Output 
buffer turnoff 
delay 
tOFF 
0 
20 
0 
25 
ns 
(Note 9) 


OE to output in low-Z 
tOLZ 
0 
0 
ns 
(Note 5, 7) 


Fast-page read or write cycle time 
tpc 
50 
60 
ns 
(Note 6) 


Fast-page read-modify-write 
cycle time 
tpRWC 
100 
120 
ns 
(Note 6) 


Access time from RAS 
tRAG 
80 
100 
ns 
(Notes 3, 4, 7, 8) 


RAS to column address delay time 
tRAD 
17 
40 
17 
50 
ns 
(Note 8) 


Row address hold time 
tRAH 
12 
12 
ns 


Column address lead time referenced to RAS 
tRAL 
40 
50 
ns 
(rising edge) 


RAS pulse width 
tRAS 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, fast-page cycle 
tRASP 
80 
125,000 
100 
125,000 
ns 


Random read or write cycle time 
tRC 
160 
190 
ns 
(Note 6) 


RAS to CAS delay time 
tRCD 
25 
60 
25 
75 
ns 
(Note 8) 


Read command 
hold time referenced to CAS 
tRCH 
0 
0 
ns 
(Note 11) 


Read command 
setup time 
tRCS 
0 
0 
ns 


Refresh period 
tREF 
16 
16 
ms 
Address Ao through Ag 


RAS precharge time 
tRP 
70 
80 
ns 


RAS precharge CAB" hold time 
tRPC 
10 
10 
ns 


Read command 
hold time referenced to RAS 
tRRH 
10 
10 
ns 
(Note 11) 


RAS hold time 
IRSH 
20 
25 
ns 


Read-modlfy-write 
cycle time 
tRWC 
210 
250 
ns 
(Note 6) 


RAS to WE delay 
tRWD 
105 
130 
ns 
(Note 14) 


Write command 
referenced to RAS lead time 
tRWL 
20 
25 
ns 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
ns 
(Note 4) 


Write command 
hold time 
tWCH 
15 
20 
ns 
(Note 12) 


Write command 
setup time 
twcs 
0 
0 
ns 
(Note 14) 


WE command 
hold time for 
tWHR 
15 
20 
ns 
CAS before RAS refreshing 


Write command 
pulse width 
twP 
15 
20 
ns 
(Note 12) 


WE command 
setup time for 
tWSR 
10 
10 
ns 
CAS before RAS refreshing 


6-202 


NEe 


Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 ~s is required after power-up. followed by 


any 
eight 
RAS 
cycles. 
before 
proper 
device 
operati on 
is 


achieved. 
At the 
end 
of the 
initial 
power-up 
sequence. 
it is 


recommended 
that either a RAS-on!l..l:efresh 
or a CAS before 
RAS refresh cycle be executed while WE " V1Hto ensure normal 
operation. 


(3) Ac measurements 
assume tT = 5 ns. 


(4) V1H(min) and V1l (max) are reference levels for measuring 
the 


timing 
of input signals. Transition 
times are measured 
between 


V1Hand Vil' 


(5) 
ICCI. ICC3. ICC4. and ICC5 depend on output 
loading and cycle 


rates. Specified values are obtained 
with the output open. ICC3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during 
RAS-only refresh cycles. 
ICC4 is measured 
assuming 
that all column address inputs are 


switched 
only once during 
each fast-page cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycie 


time at which 
proper operation 
over the full temperature 
range 


(TA= 0 to +70 0c) is assured. 


(7) 
Load = 2 TTL (-1 mA. 
+4 mAl loads and 100 pF (VOH=2.0 V 


and VOL= 0.8 V). 


(8) 
If tRCD S 'Rcs 
(max) and tRAD S tRAD (max) access time is 
defined 
by 'RAG (max). If tRCD " 
tRCD (max) access time is 
defined by leAC (max) and if tRAD " 
tRAD (max) access time is 
defined 
by tAA (max). 


(9) tOFF (max) and tOEZ (max) define the time at which the outputs 


achieve the open-circuit 
condition 
and are not referenced to VOH 


or VOL' 


(10) The tCRP requirement 
should be applicable 
for RAS/CAS cycles 


preceded by any cycle. 


(11) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(12) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. For early write cycles. both 


twcs 
and tWCH must be met. 


(13) These parameters 
are referenced to the fal!!!llJ edge of CAS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(14) twcs. 
tRWD.tCWD. and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-modify-write 
cycles only. If twcs 
" 
twcs 


(min), the cycle is an early write cycle and the data I/O pins will 
remain open-circuit 
throughout 
the entire cycle. If leWD" 
leWD 


(min), tRWD " tRWD(min). and tAWD "tAwD 
(min), then the cycle 


is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions 
is met. 


the condition 
of the data I/O pins (at access time and until CAS 


returns to V1H)is indeterminate. 


(15) Assumes that the test mode has been set. Contact 
your NEC 


Electronics 
sales representative 
for more details. 
A test mode 


may be initiated 
by executing 
a CAS before RAS refresh cycle 


with WE held at V1l. This 
mode 
also 
may 
inadvertantly 
be 


initiated during 
power-up because external 
control of the signal 


lines is very difficult 
during 
this 
period. 
It is therefore 
recom- 


mended that while WE is held at V1H•either a RAS-only or CAS 
before RAS refresh cycle should 
be executed 
at any time after 


the end of the initial power-up sequence to ensure normal device 
operation. 
II 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cont) 


Early Write Cycle 
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Timing Waveforms 
(cont) 


Read-Write/Read-Modify-Write 
Cycle 


IE 
IRSH 
IRP 


ICSH 


ICRP 
IRCD 
ICAS 


"J~'AAO 


lRAL 


IASC 


lRAH 
ICAH 


Row 
Column 
II 


NEe 


Timing Waveforms (cont) 


RA5-0nly Refresh Cycle 


Notes: 


[1J WE = OE = don'! care. 


t-IEC 


Timing Waveforms 
(cont) 


Hidden Refresh Cycle 


tOFF 


IOEZ 


Timing Waveforms (cont) 


Fast-Page Read Cycle 


NEe 


Timing Waveforms (cant) 


Fast-Page Early Write Cycle 


Note: 


(1) OE ~ don't care, 


NEe 


Timing Waveforms (cont) 


Fast-Page Late Write Cycle 


NEe 


Timing Waveforms (cont) 


Fast-Page Read-Write/Read-Modify-Write 
Cycle 


NEe 


NEe 
NEe Electronics Inc. 


I'PD424402 


1,048,576 x 4·Bit 


Dynamic CMOS RAM 


Description 


The /-,PD424402is a static-column dynamic RAM organ- 
ized as 1,048,576by 4 bits and designed to operate from 
a single + 5-volt power supply. Advanced polycide tech- 
nology using trench capacitors minimizes silicon area 
and provides high storage cell capacity, high perfor- 
mance, and high reliability. A single-transistor dynamic 
storage cell and CMOS circuitry 
throughout 
ensure 


minimum power dissipation, while an on-chip circuit 
internally generates the negative-voltage substrate bias 
-automatically 
and transparently. 


The three-state I/O pins are controlled by CS indepen- 
dent of RAS.After a valid read or read-modify-write cycle, 
data is held on the outputs by maintaining CS low. Data 
outputs return to high impedance when CS goes high. 
Static column read and write cycles can be executed by 
cycling CS. 


Refreshing may be accomplished 
by means of a CS 


before RAS cycle that internally generates the refresh 
address. Refreshing may also 
be accomplished 
by 


means of RAS-only refresh cycles or by normal read or 
write cycles on the 1,024 address combinations of AD 
through Ag during a 16-ms refresh period. 


Features 


o 1,048,576by 4-bit organization 
o Single +5-volt ±10% power supply 
o Static-column option 
o Low power dissipation 
o CS before RAS refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o TTL-compatible inputs and outputs 
o Nonlatched, three-state outputs 
o Low input capacitance 
o 1024refresh cycles every 16ms 
o 26/20-pin plastic SOJ or 20-pin plastic ZIP 


packaging 


1/°1 


1/°2 


WE 
3 


RAS 
Ag 


OE 
1 :::.", 
2 
CS 


I/~ 
3 :::.;" 
4 
1/04 
GND 
5::: 


V02 
7 ,,' '" 
6 
1/°1 


RAS 
9 ",:" 
8 
WE 
Ao 
11 ".".!: 
10 Ag 
A2 
13 ,,: ,,: 12 A 1 
vcc 
15 ",:!: 
14 
A3 


AS 
17 ,,' '" 
16 
A4 
A7 
19 ,,:;" 
18 
A6 


'''' 
20 A8 


NEe 


Function 


Address inputs 


Data inputs and outputs 


Column address strobe 


Output 
enable 


Row address strobe 


Write enable 


Ground 


+5-volt 
power supply 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 


Operating 
temperature, 
TOPA 


Storage temperature, 
TSTG 


Short-circuit 
output current, 
105 


Power dissipation, 
Po 


-1.0to 
+7.0V 
o to +70'C 


-55 to +125 'C 


SOmA 


1.0W 


Ao-Ag 


1/0,-1/04 


CS 


OE 
~ 


WE 


GND 


Vcc 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Part Number 
Row Access 
Time (max) 
RfW Cycle Time (mln) 


"PD424402LB-70 
70 ns 
140 ns 


LB-80 
80 ns 
160 ns 


LB-l0 
100 ns 
190 ns 


"PD424402V-70 
70 ns 
140 ns 


V-SO 
80 ns 
160 ns 


V-l0 
100 ns 
lOOns 


Static-Column 
Cycle (min) 


40 ns 


50 ns 


60ns 


40ns 


SOns 


60ns 


Package 


26/20-pin 
plastic SOJ 


Notes: 


(1) Contact your NEC sales representative 
for data sheet and prod- 
uct availability 
of the "PD424402-70. 


AO 
A, 
• 


A2 
• 


A3 
• 
A4 
• 
AS 
• 


A6 
• 


A7 
• 
Aa • 


Ag 


NEe 


Recommended 
Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 


Input voltage, high 
V1H 
2.4 


Input voltage, low 
V1L 
-1.0 


Supply voltage 
VCC 
4.5 


Ambient temperature 
TA 
0 


Capacitance 


Unit 
TA = 25 'C; f = 1 MHz 


V 
Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


V 
Input capacitance 
CI1 
5 
pF 
Addresses 


V 
CI2 
7 
pF 
RAS, C"S,WE, OE 


'c 
Input/output 
capacitance 
Co 
7 
pF 
1/01-1/04 


VCC + 1.0 


0.8 


DC Characteristics 
TA = 0 to +70'C; 
vcc 
= +5.0 ±10% 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Standby 
current 
ICC2 
2.0 
mA 
RAS = C"S 2: V1H(min); 10 = 0 mA 


1.0 
mA 
RAS = C"S 2: VCC - 0.2 V; 10 = 0 mA 


Input leakage current 
IJ(L) 
-10 
10 
p.A 
VIN = 0 V to VCC; all other pins 
not under test = 0 V 


Output 
leakage current 
10(L) 
-10 
10 
p.A 
Dour 
disabled; 
Your 
= 0 V to VCC 


Output voltage, low 
VOL 
0.4 
V 
10L = 4.2mA 


Output voltage, high 
VOH 
2.4 
V 
10H = -5mA 


AC Characteristics 
TA = 0 to +70'C; 
vcc 
= +5.0V 
± 10% 


p.PD424402-80 
p.PD424402-10 
II 


Parameter 
Symbol 
Mln 
Max 
Min 
Max 
Unit 
Test Conditions 


Operating 
current, 
average 
ICC1 
90 
80 
mA 
RAS, C"Scycling; 
tRC = tRC min (Note 5) 


Operating 
current, RAS-only 
refresh cycle, 
ICC3 
90 
80 
mA 
RAS cycling; 
C"S 2: V1Hmin; 
average 
tRC = tRC min (Note 5) 


Operating 
current, 
static-column 
cycle, average 
ICC4 
70 
60 
mA 
RAS s VJL;C"S cycling; tRSC 
= tRSC min or twsc = twsc 
min (Note 5) 


Operating 
current, C"S before RAS refreshing, 
ICC5 
90 
80 
mA 
RAS cycling; 
C"S s V1Lmax; 


average 
tAC = tAC min (Note 5) 


Access time from column address 
tAA 
40 
50 
ns 
(Notes 3, 4, 7, 8) 


Column address hold time referenced to RAS 
tAH 
15 
15 
ns 


(rising edge) 


Column address setup time 
tASC 
0 
0 
ns 


Row address setup time 
1ASA 
0 
0 
ns 


Column address to WE delay time 
tAWO 
65 
80 
ns 
(Note 15) 


Access time from C"S (falling 
edge) 
tCAC 
20 
25 
ns 
(Notes 3, 4, 7, 8) 


Column address hold time 
tCAH 
15 
20 
ns 


C"S hold time for C"S before RAS refreshing 
tCHA 
15 
20 
ns 


C"S precharge time, static-column 
cycle 
tcp 
10 
10 
ns 


C"S precharge time 
tCPN 
10 
10 
ns 


C"Sto RAS precharge 
time 
tCAP 
10 
10 
ns 
(Note 11) 


C"S pulse width 
1cs 
20 
100,000 
25 
100,000 
ns 


C"S hold time 
tCSH 
80 
100 
ns 


C"S setup time for C"S before RAS refreshing 
teSA 
10 
10 
ns 


pPD424402 
NEe 


AC Characteristics 
(cent) 


I'PD424402-80 
I'PD424402-10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


CS to WE delay 
tcwo 
45 
55 
ns 
(Note 15) 


Write command 
referenced to CS lead time 
tCWL 
15 
20 
ns 


Dala-in hold time 
tOH 
15 
20 
ns 
(Note 14) 


Data-in setup time 
tos 
0 
0 
ns 
(Note 14) 


Access time from OE 
tOEA 
20 
25 
ns 
(Notes 3, 4, 7, 8) 


OE data delay time 
tOED 
20 
25 
ns 


OE command 
hold time 
tOEH 
0 
0 
ns 


OE 10 RAS inactive 
setup time 
tOES 
0 
0 
ns 


Output 
turnoff 
delay from OE 
10EZ 
0 
20 
0 
25 
ns 
(Note 10) 


Output 
buffer turnoff 
delay 
tOFF 
0 
20 
0 
25 
ns 
(Note 10) 


Output 
hold time for address 
toH 
5 
5 
ns 


Output 
enable time from WE 
tow 
25 
30 
ns 


Access time from WE 
tpwA 
90 
110 
ns 
(Notes 7, 16) 


Column address hold time referenced to WE 
lpwH 
90 
110 
ns 


Access time from RAS 
tAAG 
80 
100 
ns 
(Notes 3, 4, 7, 8) 


RAS to column address delay lime 
lAAO 
17 
40 
17 
50 
ns 
(Note 9) 


Row address hold time 
tAAH 
12 
12 
ns 


Column address lead time referenced to RAS 
lAAL 
40 
50 
ns 
(rising edge) 


RAS pulse width 
tAAS 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, static-column 
cycle 
tAASC 
80 
100,000 
100 
100,000 
ns 


Random read or write cycle time 
tAC 
160 
190 
ns 
(Note 6) 


RAS to CS delay time 
tACO 
25 
60 
25 
75 
ns 
(Note 8) 


Read command 
hold time referenced to CS 
tACH 
0 
0 
ns 
(Note 12) 


Read command 
setup time 
tACS 
0 
0 
ns 


Refresh period 
tAEF 
16 
16 
ms 
Address 110 through Ag 


RAS precharge time 
tAP 
70 
80 
ns 


RAS precharge CS hold time 
tAPC 
10 
10 
ns 


Read command 
hold time referenced to RAS 
tAAH 
10 
10 
ns 
(Note 12) 


Read cycle time 
tASC 
50 
60 
ns 


RAS hold time 
tASH 
20 
25 
ns 


RAS to second WE delay time 
tASW 
95 
115 
ns 


Read-modify-write 
cycle time 
tAWC 
210 
250 
ns 
(Note 6) 


RAS to WE delay 
tAWO 
105 
130 
ns 
(Note 15) 


Write command 
referenced 10 RAS lead time 
tAwL 
20 
25 
ns 


Read/write cycle time 
tAWSC 
120 
145 
ns 


Rise and fall transition 
time 
tT 
3 
50 
3 
50 
ns 
(Note 4) 


WE to column address delay time 
lwAO 
20 
45 
25 
55 
ns 
(Note 16) 


Write command 
hold time 
tWCH 
15 
20 
ns 
(Note 13) 


Write command 
setup time 
twcs 
0 
0 
ns 
(Note 15) 


6-218 


NEe 


Parameter 


WE command 
hold time for as before RAS" 


refreshing 


Write invalid 
time 


Write command 
pulse width 


Write cycle time 


WE command 
setup time for as before RAS 


refreshing 


"PD424402-80 
"PD424402-10 


Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


tWHR 
15 
20 
ns 


tWI 
10 
10 
ns 


twP 
15 
20 
ns 
(Note 13) 


twsc 
50 
60 
ns 


tWSR 
to 
10 
ns 


Notes: 


(1) All voltages are referenced to GND. 


(2) An Initial pause of 100 lIS Is required after power-up. followed by 
any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
Is 
achieved. 
At the 
end of t~nitial 
power 
up s~uence, 
~ 


recommended 
that either a RAS-o~efresh 
or a CS before RAS 
refresh cycle be executed 
while WE " 
V1Hto ensure normal 
operation. 


(3) AC measurements 
assume tT = 5 ns. 


(4) V1H(min) and VIL (max) are reference levels for measuring'the 


timing 
of Input signals. Transition 
times are measured between 


V1Hand VIL' 


(5) 
ICC1, ICC3' ICC4' and ICC5 depend on output 
loading and cycle 
rates. Specified 
values are obtained 
with the output open. ICC3 


Is measured assuming that all column address Inputs are held at 
either a high level or a low level during 
RAS-only refresh cycles. 


ICC4 is measured assuming 
that all column address inputs are 


switched 
only once during 
each static column cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 
time at which 
proper operation 
over the full temperature 
range 


(fA = 0 to +70 'C) is assured. 


(7) 
Load = 2 TTL (-1 mA, 
+4mA) 
loads and 100pF 
(VOH=2.0V 


and VOL=0.8 V). 


(8) 
If tRCD s 
exceeds tRAD max, then tRAG will 
increase 
by the 


amount tRCD exceeds tRCD (max). 


(9) 
If tRAD " 
tRAD (max), then the access time is defined 
by tAA' 


(10) tOFF (max) and tOEZ (max) define the time at which the outputs 


achieve the open-circuit 
condition 
and are not referenced to VOH 


or VOL' 


(11) The tCRP requirement 
should 
be applicable 
for RAS/CS cycles 


preceded 
by any cycle. 


(12) Either tRRH or tRCH must be sallsfied 
for a read cycle. 


(13) Parameter twP Is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. For early write cycles, both 


twcs 
and tWCH must be met. 


(14) These parameters 
are referenced to the failing 
edge of CS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(15) twcs, 
tRWD"tCWD, and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-modify-write 
cycles only. If lwcs 
" 
twcs 


(mln), the cycle Is an early write cycle and the data I/O pins will 
remain open-circuit 
throughout 
the entire cycle. If leWD" 
leWD 
(min), tRWD " tRWD(min), and tAWD " tAWD (mln), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions 
Is met, 


the condition 
of the data I/O pins (at access time and until CS 


returns to VIH) is indeterminate. 


(16) A test mode may be initiated 
by executing 
a CS before RAS 


refresh cycle with WE held at VIL' This mode also may inadvert- 
ently 
be initiated 
during 
power-up because external 
control of 


the signal lines Is very difficult 
during this period. It Is therefore 


~ommended 
that while WE is held at V1H,either a RAS-only or 


CS before RAS refresh cycle should 
be executed 
at any time 


after the end of the initial power-up sequence to ensure normal 
device operation. 


(17) Assumes tWAD s tWAD (max). 


fttIEC 


Timing 
Waveforms 


Read Cycle 


NEe 


Timing Waveforms 
(cont) 


Early Write Cycle 


r- 


Column 


'~~l~ r'~":k 
•• 
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twP-~ 
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Noto: 


[11 OE ~ don't care. 


t-{EC 


Timing Waveforms 
(cant) 


Late Write Cycle 


l-o(~-----tRSH 


tCSH 
S 


CWL 


tRAL 


tAsc---~·-1r--tRWL 


fttlEC 


Timing Waveforms (cant) 


Read-Write/Read-Modif)<-Write Cycle 


tCAH1 


tttfEC 


Timing Waveforms (cant) 


Static-Column Read Cycle 


NEe 


Note: 


[1I OE = don't care, 


NEe 


Timing Waveforms (cont) 


Static-Column Read-Write!Read-Modify-Write Cycle 


tRAse 


NEe 


Notes: 


[1J WE ~ OE - don't care. 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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tRAS 
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NEe Electronics Inc. 


pPD424410 


1,048,576 x 4·Bit 


Dynamic CMOS RAM 


Description 


The pPD424410 is a 1,048,576 by 4-bit dynamic RAM 
designed with a write-per-bit 
option to operate from a 


single + 5-volt power supply. Advanced polycide tech- 
nology using trench capacitors minimizes silicon area 
and provides high storage cell capacity, high perfor- 
mance, and high reliability. A single-transistor 
dynamic 


storage cell and CMOS circuitry 
throughout 
ensure 


minimum power dissipation, 
while an on-chip circuit 


internally 
generates 
the negative-voltage 
substrate 


bias-automatically 
and transparently. 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished 
by means of a CAS 


before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished 
by 


means of RAS-only refresh cycles or by normal read or 
write cycles on the 1,024 address combinations 
of Ao 


through ~ 
during a 16-ms refresh period. 


Features 


o 1,048,576by 4-bit organization 
o Single + 5-volt ± 10% power supply 
o Write-per-bit option 
o Fast-page option 
o Low power dissipation 
o CAS before RAS internal refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o TTL-compatible 
inputs and outputs 


o Nonlatched, three-state outputs 
o Low input capacitance 
o 1024refresh cycles every 16 ms 
o High-density 26/20-pin plastic SOJ or 20-pin plastic 


ZIP packaging 


OE 
1 :::: '" 
2 
CAS 


1/03 
3 :::: '" 
4 
1/04 


GND 
S :::: '" 
6 
1/01 


1/°2 
7 :::. '" 
S 
WE 


RAS 
9 ": 
" 
10 
A 
Ao 
11 "': '" 
12 A 9 
A2 
13 ::::::: 
14 A 1 


Vcc 
1S ::: 
3 


AS 
17 <::~:: ~4 


A7 
19 ::: 
6 


: '" 
20 
AS 


NEe 


~-A9 


1/01 -1/04 


CAS 


OE 


FiAS" 


WE 


GND 


Address inputs 


Data inputs and outputs 


Column address strobe 


Output 
enable 


Row address strobe 


Write enable 


Ground 


+5-volt 
power supply 


No connection 


Row Access 
R/W Cycle 
Fast-Page 
Time 
Time 
Cycle 
Part Number 
(max) 
(mln) 
(mln) 
Package 


"PD424410LB-70 
70 ns 
140 ns 
45 ns 
26/20-pin 


LB-80 
80 ns 
160 ns 
50 ns 
plastic 
SOJ 
LB-l0 
100 ns 
190 ns 
60 ns 


"PD424410V-70 
70 ns 
140 ns 
45 ns 
2O-pin 


V-80 
80 ns 
160 ns 
50 ns 
plastic ZIP 


V-l0 
100 ns 
190 ns 
60ns 


Notes: 


(t) 
Contact your NEC sales representative 
for data sheet and prod- 
uct availability 
for the "PD4244tO-70. 


DC Characteristics 
TA = 0 to +70'C; 
Vcc 
= +5.0 ±10% 


Absolute Maximum Ratings 


Voltage on any pin relative to GND, VT 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output 
current, 
los 


Power dissipation, 
Po 


-1.0to 
+7.0V 


o to +70'C 


-55 to +125'C 


50mA 


1.0 W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated within 
the limits 
specified 


under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Input voltage, high 
V1H 
2.4 
Vcc 
+ 1.0 
V 


Input voltage, low 
V1L 
-1.0 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
0 
70 
'C 


Capacitance 


TA = 25 'C; 
f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


CI1 
5 
pF 
Addresses 


CI2 
7 
pF 
FiAS", CAS, 
WE, OE 


CD 
7 
pF 
1/01-1/04 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Standby 
current 
ICC2 
2.0 
mA 
FiAS" « V1H(min); 10 = 0 mA 


1.0 
mA 
FiAS" = CAS « Vcc - 0.2 V; 10 = 0 mA 


Input leakage current 
II(L) 
-10 
10 
"A 
V1N = 0 V to Vcc; 
all other pins 


not under test = 0 V 


Output 
leakage current 
10(L) 
-10 
to 
~ 
DOUT disabled; 
VOUT = 0 V to Vcc 


Output voltage, low 
VOL 
0.4 
V 
10L = 4.2mA 


Output voltage, high 
VOH 
2.4 
V 
10H = -5mA 


NEe 


AO- 
A, 
• 


A2 
• 


A3 
• 


A4 
• 


AS 
• 


A6 
• 
A7 
• 
As 
• 
Ag- 


AC Characteristics 
TA = 0 to +70 'C; VCC = +5.0 V ± 10% 


"PD424410·80 
"PD424410·10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Operating 
current, average 
ICC1 
90 
80 
mA 
RAS, CAS cycling; 
tRC = tRC min (Note 5) 


Operating 
current, RAS-only refresh 
ICC3 
90 
80 
mA 
RAS cycling; CAS 
2: V1H 


cycle, average 
min; tRC = tRC min (Note 5) 


Operating 
current, fast-page cycle, 
ICC4 
70 
60 
mA 
RAS s V1L;CAS cycling; 
average 
tpc 
= tpc min (Note 5) 


Operating 
current, CAS before RAS 
Iccs 
90 
80 
mA 
RAS cycling; CAS s VIL 


refresh cycle, average 
max; tRC = tRC min 
(Note 5) 


Access time from column address 
tAA 
40 
50 
ns 
(Notes 3, 4, 7, 8) 


Access time from CAS precharge 
(rising 
tACP 
45 
55 
ns 
(Notes 3, 4, 7, 8) 


edge) 


Column address setup time 
tASC 
0 
0 
ns 


Row address setup time 
tASR 
0 
0 
ns 


Column address to WE delay lime 
tAWD 
65 
80 
ns 
(Note 14) 


Access time from CAS (falling 
edge) 
tCAC 
20 
25 
ns 
(Notes 3, 4, 7, 8) 


Column address hold time 
tCAH 
15 
20 
ns 


CAS pulse width 
tCAS 
20 
10,000 
25 
10,000 
ns 


IIPD424410 
NEe 


AC Characteristics 
(cant) 


"PD424410-80 
"PD424410·10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


CAS hold time for CAS before RAS 
tCHA 
15 
20 
ns 


refreshing 


CAS to output active delay time 
tCLZ 
0 
0 
ns 
(Notes 4, 7) 


CAS precharge time, fast-page cycie 
tcp 
10 
to 
ns 


CAS precharge time, nonpage cycle 
tCPN 
to 
to 
ns 


CAS to RAS precharge time 
tCAP 
10 
10 
ns 
(Note 10) 


CAS hold time 
tCSH 
80 
100 
ns 


CAS setup time for CAS before RAS 
tCSA 
10 
10 
ns 
refresh cycle 


CAS to WE delay 
tcwD 
45 
55 
ns 
(Note 14) 


Write command 
referenced to CAS lead 
tCWL 
15 
20 
ns 
time 


Data-in hold time 
tDH 
15 
20 
ns 
(Note 13) 


Data-in setup time 
tDS 
0 
0 
ns 
(Note 13) 


Access time from OE 
tOEA 
20 
25 
ns 
(Notes 3, 4, 7, 8) 


OE data delay time 
tOED 
20 
25 
ns 


OE command 
hold time 
tOEH 
0 
0 
ns 


OE to RAS inactive 
setup time 
tOES 
0 
0 
ns 


Output 
turnoff 
delay from OE 
toEZ 
0 
20 
0 
25 
ns 
(Note 9) 


Output 
buffer turnoff 
delay 
tOFF 
0 
20 
0 
25 
ns 
(Note 9) 


OE to oUlput active delay time 
tOll 
0 
0 
ns 
(Notes 5, 7) 


Fast-page read or write cycle time 
tpc 
50 
60 
ns 
(Note 6) 


Fast page read-modify-write 
cycle time 
tpAWC 
100 
120 
ns 
(Note 6) 


Access time from RAS 
tAAC 
80 
100 
ns 
(Notes 3, 4, 7, 8) 


RAS to column address delay time 
tAAD 
17 
40 
17 
50 
ns 
(Note 8) 


Row address hold time 
tAAH 
12 
12 
ns 


Column address lead time referenced to 
tAAL 
40 
50 
ns 
RAS (rising edge) 


RAS pulse width 
tAAS 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, fast-page cycle 
tAASP 
80 
125,000 
100 
125,000 
ns 


Random read or write cycle time 
tAC 
160 
190 
ns 
(Note 6) 


RAS to CAS delay time 
tACO 
25 
60 
25 
75 
ns 
(Note 8) 


Read command 
hold time referenced to 
tACH 
0 
0 
ns 
(Note 11) 


CAS 


Read command 
setup time 
tACS 
0 
0 
ns 


Refresh period 
tAEF 
16 
16 
ms 
Address Ao through Ag 


RAS precharge time 
tAP 
70 
80 
ns 


RAS precharge CAS hold time 
tAPC 
10 
10 
ns 


Read command 
hold time referenced to 
tAAH 
10 
10 
ns 
(Note 11) 


RAS 


RAS hold time 
tASH 
20 
25 
ns 


Read-modify-write 
cycle time 
tAWC 
210 
250 
ns 
(Note 6) 


6-232 


~EC 


"PD424410-80 


Max 
Symbol 
Min 


tRWD 
105 


tRWL 
20 


tT 
3 


tWBH 
15 


tWBS 
10 


tWCH 
15 


twcs 
0 


tWH 
15 


tWHR 
15 


twP 
15 


tws 
10 


tWSR 
10 


RAS" to WE delay 


Write command 
referenced to RAS lead 


time 


Rise and fall transition 
time 


Write-per-bit 
hold time 


Write-per-bit 
setup time 


Write command 
hold time 


Write command 
setup time 


Write-per-bit 
mask data hold time 


WE command 
hold time for "CAS before 


RAS" refreshing 


Write command 
pulse width 


Write-per-bit 
mask data setup time 


WE command 
setup time for "CAS before 


RAS" refreshing 


(Note 12) 


(Note 14) 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100 "s is required after power-up, followed 
by 


any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 


achieved. 
At the end of the initial power-up sequence, 
either a 


RAS-only or CAS before RAS refresh cycle should 
be executed 


while WE ;" V1Hto ensure normal operation. 


(3) Ac measurements 
assume tT = 5 ns. 


(4) VIH (min) and V1L(max) are reference levels for measuring 
the 


timing 
of input signals. Transition 
times are measured 
between 


VIH and V1L. 


(5) ICC1' ICC3' ICC4' and ICC5 depend on output 
loading and cycle 


rates. Specified 
values are obtained 
with the output open. ICC3 


is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
ICC4 is measured 
assuming 
that all column address inputs are 


switched 
only once during each fast-page cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 


time at which 
proper operation 
over the full temperature 
range 


(fA = 0 to +70 0c) is assured. 


(7) 
Load = 2 TTL (-1 mA, +4 mAl loads and 100 pF (VOH = 2.0 V 
and VOL = 0.8 V). 


(8) 
If tRCD " 
tRCD (max) and RAD" 
tRAD (max), access time is 


defined 
by tRAC (max). If tRCD ;" tRCD (max) , access time is 


defined 
by leAe (max). If tRAD '" tRAD (max), access time is 


defined 
by tAA (max). 


(9) tOFF (max) and tOEz (max) define the time at which the outputs 


achieve the open-circuit 
condition and are not referenced to VOH 


or VOL. 


(10) The tCRP requ irement should be applicable 
for RAS/CAS cycles 


preceded by any cycle. 


(11) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(12) Parameter twP is applicable 
for a delayed write cycle such as a 


read-write/read-modify-write 
cycle. For early write cycles, both 


twcs 
and tWCH must be met. 


(13) These parameters 
are referenced to the fal~ 
edge of CAS for 


early write cycles and to the falling 
edge of WE for delayed write 


or read-modify-write 
cycles. 


(14) twcs, 
tRWD, tCWD, and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-modify-write 
cycles only. If twcs 
;" twcs 


(min), the cycle is an early write cycle and the data I/O pins will 
remain open-circuit 
throughout 
the entire cycle. If leWD;" 
leWD 


(min), tRWD ;" tRWD(min), and tAWD ;" tAWD(min), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions 
is met, 


the condition 
of the data I/O pins (at access time and until CAS 


returns to V1H)is indeterminate. 


(15) A test mode may be initiated 
by executing 
a CAS before RAS 


refresh cycle with WE held at V1L.This mode also may inadvert- 
ently 
be initiated 
during 
power-up because external 
control of 


the signal lines is very difficult 
during this period. It is therefore 


recommended 
that while WE is held at V1H,either a RAS-only or 


CAS before RAS refresh cycle should 
be executed 
at any time 


after the end of the initial power-up sequence 
to ensure normal 


device operation. 


(16) These parameters 
define a read-modify-write 
cycle. 


fttfEC 


Write-Per-Bit Option 


The write-per-bit option may be used to allow a write 
cycle to change any number of bits in the 4-bit word. The 
mask is loaded from the four I/O lines at the falling edge 
of RAS if WE=VIL. 
If the I/O line is high, then the 


corresponding bit will be written when the write cycle 
executes. If an I/O line is low,the corresponding bit does 
not change. A mask loaded during fast-page operation 
will remain set and active for each write cycle that 
executes while RAS remains low. The mask may be 
changed at the falling edge of RASonly. 


Comparison of Write-Per-Bit Cycle versus Standard 4-Bit Write Cycle 


RAS 
1 


/ 


CAS 
j 
\ 
/ 


{ 


WE 
\ 
/ 


~ 


Write-Per-Bit 


Cycle 


VOj 
Write Data 
)- 


{ 


WE 
"\\ \\\\\\\\\\\\\\\\ 
/ 


Normal 4·bit 
Write Cycle 


I/Oi 
( 
Write Data 
) 


I/O 
Mask Data 
Write Operation 


1 
(High) 
Write Sit 
I/O, 
0 
(Low) 
Disable Bit Write 


1 
(High) 
Write Sit 


1/°2 
0 
(Low) 
Disable Bit Write 


1 
(High) 
Write Bit 


1/°3 
(Low) 
Disable Bit Write 
0 


1 
(High) 
Write Sit 


1/°4 
0 
(Low) 
Disable Bit Write 
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Timing Waveforms 


Read Cycle 
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Timing Waveforms (cant) 


Early Write Cycle 


===_-_-_-_1//////////////I/////b 
__ 
tDH_:~ 


Data·jn 
---- 


Note: 
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Timing Waveforms (cont) 


Late Write Cycle 
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Timing Waveforms (cont) 


Read-Write/Read-Modify-Write 
Cycle 


1< 
IRSH 
tRP 


tCSH 
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IRCD 
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tRAH 
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Timing Waveforms (cont) 


RA5-0nly Refresh Cycle 
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Notes: 


[11 WE = OE ~ don'l care, 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 
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Timing Waveforms 
(cant) 


Fast-Page Early Write Cycle 


Note: 


[1J OE = don'l care, 
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Timing Waveforms (cant) 


Fast-Page Read-Write/Read-Modify-Write 
Cycle 
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IJPD424412 


1,048,576 x 4·Bit 


Dynamic CMOS RAM 


Description 


The JlPD424412 is a static-column 
1,048,576 by 4-bit 


dynamic RAM designed with a write-per-bit 
option to 


operate from a single + 5-volt power supply. Advanced 
polycidetechnology 
using trench capacitors minimizes 


silicon area and provides high storage cell capacity, 
high 
performance, 
and 
high 
reliability. 
A 
single- 


transistor 
dynamic storage cell and CMOS circuitry 


throughout 
ensure minimum power dissipation, while 


an on-chip circuit 
internally 
generates the negative- 
voltage substrate 
bias-automatically 
and transpar- 
ently. 


The three-state I/O pins are controlled 
by CS indepen- 


dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CS 
low. Data outputs return to high impedance when CS 
goes high. Static-column 
read and write cycles can be 


executed by cycling CS. 


Refreshing may be accomplished 
by means of a CS 


before RAS cycle that internally generates the refresh 
address. Refreshing 
may also be accomplished 
by 


means of RAS-only refresh cycles or by normal read or 
write cycles on the 1,024 address combinations 
of Ao 


through Ag during a 16-ms refresh period. 


Features 


o 1,048,576by 4-bit organization 
o Single + 5-volt power supply 
o Write-per-bit option 
o Static-column 
option 


o Low power dissipation 
o CS before RAS internal refreshing 
o Multiplexed address inputs 
o On-chip substrate bias generator 
o TTL-compatible 
inputs and outputs 


o Nonlatched, three-state outputs 
o Low input capacitance 
o 1024refresh cycles every 16 ms 
o High-density 26/20-pin plastic SOJ or 20-pin plastic 


ZIP packaging 


Pin Configurations 


26/20-Pin Plastic SDJ 


OE 
1 :".::, 
2 
CS 


UO:! 3 :".::, 
4 
U0 


4 


GND 
5 :". ,:: 6 
UO, 
U02 
7 :::.,:: 
8 
WE 


RAS 
9 :::. ,:: 
10 
A 
Ao 
11 ::: 
9 
A2 
13 :::::: 
12 A 1 


Vcc 
15 :::::: 
14 A3 
AS 17 :::::: 
16 A4 


A7 
19 :::::: 
18 A6 


.::: 
20 
A8 


NEe 


AO 
A, · 
A2 · 
:;; 
~ 
:;; 
" 
§ 
A3 · 


>( 
CD 
" 
:g. 
'" 
A4 · 
~ 
Cl 


AS · 
~ 
"" 
~ 


"" 
AS · 
< 
a: 


A7 · 
Aa · 
Ag 


Function 


Address Inputs 


Data Inputs and outputs 


Chip select 


Output enable 


Row address strobe 


Write enable 


Ground 


+ 5-volt power supply 


Ao -Ag 


1/0,-1/°4 


CS 


OE 


RAS 


WE 


GND 


Vcc 


Capacitance 
TA= 25'C; f = 1 MHz 


Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


Input 
CI, 
5 
pF 
Addresses 


capacitance 


CI2 
7 
pF 
RAS, CS, WE, OE 


InpuVoutput 
Co 
7 
pF 
I/O, -1/04 


capacitance 


Absolute Maximum Ratings 


Voltage on any pin relative to GND, VT 


Operating temperature, TOPR 


Storage temperature, TSTG 


Short-circuit output current, ios 


Power dissipation, 
Po 


-1.0 to + 7.0 V 
a to +70'C 


-55 to + 125'C 


50mA 


1.0W 


Exposure to Absoiute Maximum Ratings for extended periods may 
affect device reliability; 
exceeding the ratings could cause perma- 


nent damage. The device should 
be operated 
within 
the limits 


specified under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Input voltage, high 
VIH 
2.4 
VCC + 1.0 
V 


Input voltage, low 
VIL 
-1.0 
0.8 
V 


Supply voltage 
Vcc 


Ambient temperature 
TA 


NEe 


Part Number' 


IJPD424412LB-70 


LB-SO 


LB-l0 


IJPD424412V-70 


V-SO 


V·l0 


Row Access 
Time (max) 


70 ns 


80 ns 


100 ns 


70 ns 


RIW Cycle Time (min) 


140 ns 


Static-Column 
Cycle 
(min) 


40 ns 


50 ns 


60 ns 


40 ns 


50 ns 


190 ns 


140 ns 


160 ns 


190 ns 


80 ns 


100 ns 


Mln 
Typ 
Max 
Unit 
Test Conditions 


2.0 
mA 
RAS = CS 2: VIH (min); 10 = 0 mA 


1.0 
mA 
RAS = CS 2: Vcc-0.2V; 
10 = OmA 


-10 
10 
IJA 
VIN = 0 V to VCC; all other pins 
not under lest = 0 V 


-10 
10 
IJA 
DOUT disabled; 
VOUT = 0 V to VCC 


0.4 
V 
10L = 4.2 mA 
II 


2.4 
V 
10H = -SmA 


Notes: 


(1) Contact your NEC sales representative 
for data sheet and prod- 
uct availability 
for the IJPD424412-70. 


DC Characteristics 
TA = 0 to +70'C; 
VCC = +5.0 
±10% 


Symbol 


ICC2 


Output 
leakage current 


Output 
voltage, 
low 


Output voltage, 
high 


Package 


26/20-pin 
plastic SOJ 


AC Characteristics 
TA = 0 to +70'C; vcc 
= +5.0V 
± 10% 


Parameter 


Operating 
current, average 


"PD424412-S0 
"PD424412-10 


Symbol 
Mln 
Max 
Min 
Max 
Unit 


'CCl 
90 
80 
mA 


ICC3 
90 
80 
mA 
Operating 
current, 
RAS-only refresh cycle, 


average 


Operating 
current, CS before RAS refreshing, 
Iccs 
90 


average 


Access time from column address 
tAA 
40 


Colum address hold time referenced to RAS 
tAH 
15 
15 


(rising edge) 


Column address setup time 
tASC 
0 
0 


Row address setup time 
tASR 
0 
0 


Column address to WE delay time 
tAWD 
65 
80 


Access time from CS (falling 
edge) 
!cAC 
20 


Column address hold time 
teAH 
15 
20 


Test Conditions 


RAS, CS cycling; 
tRC = tRC min (Note 5) 


RAS cycling; 
CS 2: VIH 


min; tRC = tRC min 
(Note 5) 


RAS oS VIL; CS cycling; 
tRSC = tRSC min or 
twsc 
= twsc 
min 
(Note 5) 


RAS cycling; CS 
oS VIL 


max; tRC = tRC min 
(Note 5) 


(Notes 3, 4, 7, 8) 


JlPD424412 
NEe 


AC Characteristics 
(cent) 


"PD424412-ao 
"PD424412-10 


Parameter 
Symbol 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


CS hold time for CS before RAS refreshing 
tCHR 
15 
20 
ns 


CS precharge time, static-column 
cycle 
tcp 
10 
10 
ns 


CS precharge time 
lCPN 
10 
10 
ns 


CS to RAS precharge time 
tCRP 
10 
10 
ns 
(Note 11) 


CS pulse width 
tes 
20 
100,000 
25 
100,000 
ns 


CS hold time 
teSH 
ao 
100 
ns 


CS setup time for CS before RAS refreshing 
tCSR 
10 
10 
ns 


CS to WE delay 
tCWD 
45 
55 
ns 
(Note 15) 


Write command 
referenced 
to CS lead time 
tCWL 
15 
20 
ns 


Data-in hold time 
tDH 
15 
20 
ns 
(Note 14) 


Data-in setup time 
tDS 
0 
0 
ns 
(Note 14) 


Access time from OE 
tOEA 
20 
25 
ns 
(Notes 3, 4, 7, 8) 


OE data delay time 
tOED 
20 
25 
ns 


OE command 
hold time 
tOEH 
0 
0 
ns 


OE 10 RAS inactive setup time 
tOES 
0 
0 
ns 


Output 
turnoff 
delay from OE 
tOEZ 
0 
20 
0 
25 
ns 
(Note 10) 


Output 
buffer turnoff 
delay 
tOFF 
0 
20 
0 
25 
ns 
(Note 10) 


Output 
hold time for address 
tOH 
5 
5 
ns 


Output 
enable time from WE 
tow 
25 
30 
ns 


Access time from WE 
tpwA 
90 
110 
ns 
(Notes 7, 16) 


Column address hold time referenced to WE 
tpwH 
90 
110 
ns 


Access time from RAS 
tRAC 
80 
100 
ns 
(Notes 3, 4, 7, 8) 


RAS to column address delay time 
tRAD 
17 
40 
17 
50 
ns 
(Note 9) 


Row address hold time 
tRAH 
12 
12 
ns 


Column address lead time referenced to RAS 
tRAL 
40 
50 
ns 
(rising edge) 


RAS pulse width 
tRAS 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, static-column 
cycle 
tRASC 
80 
100,000 
100 
100,000 
ns 


Random read or write cycle time 
tRC 
160 
190 
ns 
(Note 6) 


RAS to CS delay time 
tRCD 
25 
60 
25 
75 
ns 
(Note 8) 


Read command 
hold time referenced to CS 
tRCH 
0 
0 
ns 
(Note 12) 


Read command 
setup time 
tRCS 
0 
0 
ns 


Refresh period 
tREF 
16 
16 
ms 
Addresses Ao through Ag 


RAS pre charge time 
tRP 
70 
80 
ns 


RAS pre charge CS hold time 
tRPC 
10 
10 
ns 


Read command 
hold time referenced to RAS 
tRRH 
10 
10 
ns 
(Note 12) 


Read cycle time 
tRSC 
50 
60 
ns 


RAS hold time 
tRSH 
20 
25 
ns 


RAS to second WE delay time 
tRsw 
95 
115 
ns 


Read-modify-write 
cycle time 
tRWC 
210 
250 
ns 
(Note 6) 


6-248 


NEe 


Parameter 


RAS to WE delay 


Write command referenced to RAS lead time 


Read/write cycle time 


Rise and fall transition 
time 


WE to column address delay time 


Write-per-bit hold time 


Write-per-bit setup time 


Write command hold time 


Write command setup time 


Write-per-bit mask data hold time 


WE command hold time for CS before RAS 
refreshing 


Write invalid time 


Write command pulse width 


Write-per-bit 
mask data setup time 


Write cycle time 


WE command setup time for CS before RAS 
refreshing 


Symbol 
Min 


tRWD 
105 


tRWL 
20 


tRWSC 
120 


tT 
3 


tWAD 
20 


tWBH 
15 


tWBS 
10 


tWCH 
15 


twcs 
0 


tWH 
15 


tWHR 
15 


tWI 
10 


twP 
15 


tws 
10 


twsc 
50 


tWSR 
10 


"PD424412-80 


Max 


"PD424412-10 


Min 
Max 
Unit 


130 
ns 


25 
ns 


145 
ns 


3 
50 
ns 


25 
55 
ns 


20 
ns 


10 
ns 


20 
ns 


0 
ns 


20 
ns 


20 
ns 


10 
ns 


20 
ns 


10 
ns 


60 
ns 


10 
ns 


(Note 4) 


(Note 16) 


(Note 13) 


(Note 15) 


Notes: 


(1) All voltages are referenced to GND. 


(2) An initial pause of 100/lS is required after power-up, followed by 


any 
eight 
RAS cycles, 
before 
proper 
device 
operation 
is 


achieved. At the end of t~itial 
power up s~uence, 
~ 


recommended that either a RAS-o~refresh 
or a CS before RAS 


refresh cycle be executed while WE '" 
VIH to ensure normal 
operation. 


(3) AC measurements assume tT = 5 ns. 


(4) VIH (min) and VIL (max) are reference levels for measuring the 
timing of input signals. Transition times are measured between 
VIH and VIL' 


(5) ICC1' ICC3, ICC4' and Iccs depend on output loading and cycle 


rates. Specified values are obtained with the output open. ICC3 
is measured assuming that all column address inputs are held at 
either a high levei or a low level during RAS-only refresh cycles. 
ICC4 is measured assuming that all column address inputs are 
switched only once during each static column cycle. 


(6) The minimum specifications 
are used only to indicate the cycle 


time at which proper operation over the full temperature 
range 


(TA= 0 to +70'C) is assured. 


(7) Load = 
2 TTL (-1 mA, +4 mAl loads and 100 pF (VOH=2.0 V 


and VOL= 0.8 V). 


(8) ~ tRCD :5 exceeds tRAD max, then tRAC will increase by the 


amount tRCD exceeds tRCD (max). 


(9) If tRAD '" tRAD (max). then the access time is defined by tAA 


(10) tOFF (max) and tOEZ (max) define the time at which the outputs 


achieve the open-circuit condition and are not referenced to VOH 
or VOL' 


The IeRP requirement should be applicable for RAS/CS cycles 
preceded by any cycle. 


Either tRRH or tRCH must be satisfied for a read cycle. 


Parameter twP is applicable for a delayed write cycle such as a 
read-write/read-modify-write 
cycle. For early write cycles, both 


twcs 
and tWCH must be met. 


These parameters are referenced to the falling edge of CS for 
early write cycles and to the fall ing edge of WE for delayed write 
or read-modify-write 
cycles. 


twcs, tRWD,tCWD, and tAWD are restrictive operating 
parame- 


ters in read-write/read-modify-write 
cycles only. ~ twcs 
'" twcs 


(min), the cycle is an early write cycle and the data I/O pins will 
remain open-circuit throughout the entire cycle. If tCWD '" tCWD 
(min), tRWD'" tRWD(min), andtAwD '" tAWD(min), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. If neither of the above conditions is m~ 
the condition 
of the data I/O pins (at access time and until CS 


returns to V1H)is indeterminate. 


A test mode may be initiated 
by executing 
a CS before RAS 


refresh cycle with WE held at VIL' This mode also may inadvert- 
ently be initiated 
during power-up because external control of 


the signal lines is very difficult during this period. It is therefore 
recommended that while WE is held at VIH, either a RAS-only or 
CS before RAS refresh cycle should be executed at any time 
after the end of the initial power-up sequence to ensure normal 
device operation. 


(17) Assumes tWAD :5 tWAD (max). 


NEe 


Write-Per-Bit 
Option 


The write-per-bit 
option may be used to allow a write 
cycle to change any number of bits in the 4-bit word. 
The mask is loaded from the four I/O lines at the falling 
edge of RAS if WE= VIL. If the I/O line is high, then the 
corresponding 
bit will be written when the write cycle 


executes. If an I/O line is low, the corresponding 
bit 


does not change. A mask loaded during static-column 
operation will remain set and active for each write cycle 
that executes while RASremains low. The mask may be 
changed at the falling edge of RAS only. 
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Timing Waveforms (cont) 


Early Write Cycle 


Note: 


111 DE - don't care. 


I-C~-----tRSH 


tCSH 


~twcs~tWCH 
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I 
twp 


~ 
tDS I-C----tDH 
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• :1 
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tRAL 


: tASC--1r-tCAH 


NEe 


Timing Waveforms (cont) 


Read-Write/Read-Modify-Write 
Cycle 
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Timing Waveforms (cont) 


RA5-0nly Refresh Cycle 


Not •• : 


[1J WE = OE = don'l car •. 
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Timing Waveforms (cont) 


CS Before HAS Refresh Cycle 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 


Timing Waveforms (cont) 


Static-Column 
Read Cycle 


Timing Waveforms 
(cont) 


Static-Column 
Early Write Cycle 


Note: 


[1) DE - don't care. 


NEe 


Timing Waveforms 
(cant) 


Static-Column 
Read-Write/Read-Modify-Write 
Cycle 


High Impedance 
!--tRAC 
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pPD424800 
524,288 x 8-Bit 
Dynamic CMOS RAM 


Description 


The pPD424800 is a fast-page dynamic RAMorganized 
as 524,288 words by 8 bits and designed to operate 
from a single + 5-volt power supply. Advanced polycide 
technology 
using trench capacitors minimizes silicon 


area and provides 
high storage 
cell capacity, 
high 


performance, 
and high reliability. A single-transistor 


dynamic storage cell and CMOS circuitry 
throughout 


ensure minimum power dissipation, while an on-chip 
circuit internally 
generates the negative-voltage 
sub- 


strate 
bias-automatically 
and transparently. 


The three-state I/O pins are controlled by CAS indepen- 
dent of RAS. After a valid read or read-modify-write 
cycle, data is held on the outputs by maintaining CAS 
low. Data outputs return to high impedance when CAS 
goes high. Fast-page read and write cycles can be 
executed by cycling CAS. 


Refreshing may be accomplished by means of a CAS 
before RAS cycle that internally generates the refresh 
address. Refreshing may also be accomplished 
by 


means of RAS-only refresh cycles or by normal read or 
write cycles on the 1,024 address combinations 
of Ao 


through As during a 16-ms refresh period. 


Since the pPD424800 is organized as 524,288 by eight 
bits wide, the addressing of the array by rows and 
columns is not symmetrical. Only 19 address bits are 
required 
to 
address 
the 
524,288 
locations. 
The 


pPD424800 uses row addresses Ao through Ag and 
column addresses Ao through As.The column address 
bit As is not used internally, but it must still meet all 
setup and hold times and specified voltage levels. 


Features 


o 524,288 by 8-bit organization 
o Single + 5-volt power supply 
o Fast-page option (Address Ao - As only) 
o Low power dissipation 
o CAS before RAS refreshing 
o On-Chip substrate bias generator 
o TTL-compatible 
inputs and outputs 


o Nonlatched, three-state outputs 
o Low input capacitance 
o Multiplexed row (Ao- As) and column (Ao- As) 
addresses 


o 1024refresh cycles every 16ms 
o 28-pin plastic SOJ or 28-pin plastic ZIP packaging 
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Function 


Address inputs 


Data inputs and outputs 


Column address strobe 


Output 
enable 


Row address strobe 


Write enable 


Ground 


+ 5-volt power supply 


No connect 


Absolute Maximum Ratings 


Voltage on any pin relative to GND 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Short-circuit 
output 
current, los 


Power dissipation, 
Po 


-1.010 
+7.0V 


Oto +70"C 


-55 to + 125°C 


50mA 


1.0 W 


Ao-Ag 


I/O,-I/Os 


CAS 


OE 


RAS 


WE 


GND1, GND2 


VCC" VCC2 


NC 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding 
the ratings 
could 
cause perma- 


nent 
damage. 
The device 
should 
be operated 
within 
the 
limits 


specified 
under DC and AC Characteristics. 


Part Number 


JiPD424BOOLE-70 


LE-BO 


LE-10 


JiPD424BOOV-70 


V-BO 


V-10 


Row Access 
Time (max) 


70 ns 


BO ns 


100 ns 


70 ns 


BO ns 


100 ns 


RIW Cycle Time (mln) 
Fast-Page 
Cycle 
(mln) 
Package 


140 ns 
45 ns 
2B-pin plastic SOJ 


160 ns 
50 ns 


190 ns 
60 ns 


140 ns 
45 ns 
2B-pin plastic ZIP 


160 ns 
50 ns 


190 ns 
60 ns 


V01 


Data VO Bus 


VOs 


ColumnDecoder 


Sense 
Amplifier 


AO 
A1 · 
A2 · 
" 
" 
~ 
'§ 
~ 
A3 · 
'" 
~ 
'" 
~ 
A4 · 
~ 
Cl 
MemoryArray 
:; 
~ 
AS · 
::> 
'C 
'C 
AS · 
< 
a: 


A7 · 
AS · 
Ag 


83VL·7261B 
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Recommended Operating Conditions 
Capacitance 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
TA = 25°C; f = 
1 MHz 


Input voltage, 
high 
VIH 
2.4 
VCC + 1.0 
V 
Parameter 
Symbol 
Max 
Unit 
Pins Under Test 


Input voltage, 
low 
VIL 
-1.0 
0.8 
V 
Input capacitance 
Cll 
5 
pF 
Addresses 


Supply voltage 
VCC 
4.5 
5.0 
5.5 
V 
CI2 
7 
pF 
RAS, CAS, WE, OE 


Ambient temperature 
TA 
0 
70 
°C 
Input/output 
Co 
7 
pF 
I/Ol-I/OS 
capacitance 


DC Characteristics 
TA = 0 to + 70°C; VCC = + 5.0 ±10% 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Standby 
current 
ICC2 
2.0 
mA 
RAS = 
CAS" 
VIH (min); 10 = 0 mA 


1.0 
mA 
RAS= 
CAS" 
Vcc-0.2V;10= 
OmA 


Input leakage current 
II(L) 
-10 
10 
IJA 
VIN = 0 V to VCC; all other pins not under test = 0 V 


Output 
leakage current 
10(L) 
-10 
10 
IJA 
DOUT disabled; 
VOUT = 0 V to VCC 


Output 
voltage, 
low 
VOL 
0.4 
V 
10L = 4.2mA 


Output 
voltage, 
high 
VOH 
2.4 
V 
10H = -5 mA 


AC Characteristics 
TA = 0 to + 70"C; VCC = + 5.0 V ± 10% 


-70 
·80 
·10 
II 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Operating 
curren~ 
ICCl 
120 
110 
100 
mA 
RAS, CAS cycling; 
average 
tRC = tRC min (Note 5) 


Operating 
curren~ 
ICC3 
120 
110 
100 
mA 
RAS cycling; 
CAS" 
VIH min; 


RA8-only refresh 
tRC = tRC min (Note 5) 
cycle, average 


Operating 
curren~ 
ICC4 
100 
90 
80 
mA 
RAS :s VIL; CAS cycling; 
fast-page 
cycle, 
tpc 
= tpc min (Note 5) 
average 


Operating 
curren~ 
ICC5 
120 
110 
100 
mA 
RAS cycling; 
CAS :s VIL max; 


CAS before RAS 
tRc = tRC min (Note 5) 
refresh cycle, average 


Access time from 
tAA 
35 
40 
50 
ns 
(Notes 3,4,7,8) 
column address 


Access time from CAS 
tACP 
40 
45 
55 
ns 
(Notes 3, 4, 7, 8) 
pre charge (rising 
edge) 


Column address setup 
tASC 
0 
0 
0 
ns 


time 


Row address setup 
tASR 
0 
0 
0 
ns 
time 


Column address to 
tAWD 
55 
65 
80 
ns 
(Note 14) 
WE delay time 


Access time from CAS 
tCAC 
20 
20 
25 
ns 
(Notes 3, 4, 7, 8) 
(falling 
edge) 


Column address hold 
tCAH 
17 
20 
20 
ns 


time 


IIPD424800 
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AC Characteristics 
(cont) 


-70 
·80 
-10 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Min 
Max 
Unit 
Test Conditions 


CAS pulse width 
tCAS 
20 
10,000 
20 
10,000 
25 
10,000 
ns 


CAS hold time for 
tCHR 
15 
15 
20 
ns 
CAS before RAS 
refreshing 


CAS to output 
in low- 
tCll 
0 
0 
0 
ns 
(Note 4, 7) 
Z 


CAS precharge time, 
tcp 
10 
10 
10 
ns 
fast-page 
cycle 


CAS precharge time 
tCPN 
10 
10 
10 
ns 


CASto 
RAS 
tCRP 
10 
10 
10 
ns 
(Note 10) 
precharge 
time 


CAS hold time 
tCSH 
70 
80 
100 
ns 


CAS setup time for 
teSR 
10 
10 
10 
ns 
CAS before RAS 
refresh cycle 


CAS to WE delay 
tCWD 
40 
45 
55 
ns 
(Note 14) 


Write command 
tCWl 
15 
15 
20 
ns 
referenced to CAS 
lead time 


Data-in hold time 
tDH 
15 
15 
20 
ns 
(Note 13) 


Data-in setup time 
tDS 
0 
0 
0 
ns 
(Note 13) 


Access time from OE 
tOEA 
20 
20 
25 
ns 
(Notes 3, 4, 7, 8) 


OE data delay time 
tOED 
15 
20 
25 
ns 


OE command 
hold 
tOEH 
0 
0 
0 
ns 
time 


OE to RAS inactive 
tOES 
0 
0 
0 
ns 
setup time 


Output 
turnoff 
delay 
tOEl 
0 
15 
0 
20 
0 
25 
ns 
(Note 9) 
from OE 


Output 
buffer turnoff 
tOFF 
0 
15 
0 
20 
0 
25 
ns 
(Note 9) 
delay 


OE to output 
in low-Z 
tOll 
0 
0 
0 
ns 
(Note 5, 7) 


Fast-page read or 
tpc 
45 
50 
60 
ns 
(Note 6) 
write cycle time 


Fast-page read- 
tpRWC 
90 
100 
120 
ns 
(Note 6) 
modify-write 
cycle 
time 


Access time from RAS 
tRAC 
70 
80 
100 
ns 
(Notes 3, 4, 7, 8) 
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AC Characteristics 
(cont) 
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-80 
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Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


RAS to column 
tRAo 
15 
35 
17 
40 
17 
50 
ns 
(Note 8) 


address delay time 


Row address hold 
tRAH 
10 
12 
12 
ns 


time 


Column 
address lead 
tRAL 
35 
40 
50 
ns 


time referenced to 
RAS (rising edge) 


RAS pulse width 
tRAS 
70 
10,000 
80 
10,000 
100 
10,000 
ns 


RAS pulse width, fast- 
tRASP 
70 
125,000 
80 
125,000 
100 
125,000 
ns 


page cycle 


Random read or write 
tRC 
140 
160 
190 
ns 
(Note 6) 


cycle time 


RAS to CAS delay 
tRCo 
20 
50 
25 
60 
25 
75 
ns 
(Note 8) 


time 


Read command 
hold 
tRCH 
0 
0 
0 
ns 
(Note 11) 


time referenced to 
CAS 


Read command 
setup 
tRCS 
0 
0 
0 
ns 


time 


Refresh period 
tREF 
16 
16 
16 
ms 
Address Ao through A!J II 


RAS precharge 
time 
tRP 
60 
70 
80 
ns 


RAS precharge 
CAS 
tRPC 
10 
10 
10 
ns 


hold time 


Read command 
hold 
tRRH 
10 
10 
10 
ns 
(Note 11) 


time referenced to 
RAS 


RAS hold time 
tASH 
20 
20 
25 
ns 


Read-modify-write 
tRWC 
185 
210 
250 
ns 
(Note 6) 


cycle time 


RAS to WE delay 
tRWo 
90 
105 
130 
ns 
(Note 14) 


Write command 
tRWL 
20 
20 
25 
ns 


referenced to RAS 
lead time 


Rise and fall 
tT 
3 
50 
3 
50 
3 
50 
ns 
(Note 4) 


transition 
time 


Write command 
hold 
tWCH 
15 
15 
20 
ns 
(Note 12) 


time 


Write command 
setup 
twcs 
0 
0 
0 
ns 
(Note 14) 


time 


NEe 
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Parameter 
Symbol 
Min 
Max 
Min 
Max 
Min 
Max 
Unit 
Test Conditions 


WE command 
hold 
tWHR 
15 
15 
20 
ns 
time for CAS before 
RAS refreshing 


Write command 
pulse 
twP 
15 
15 
20 
ns 
(Note 12) 
width 


WE command 
setup 
tWSR 
10 
10 
10 
ns 
time for CAS before 
RAS refreshing 


Notes: 


(1) All voltages 
are referenced to GND. 


(2) 
An initial pause of 100 /ls is required after power-up, followed by 
any 
eight 
RAS 
cycles, 
before 
proper 
device 
operation 
is 
achieved. 
At the end of th~tial 
power-up 
sequence, 
it is 
recommended 
that either a RAS-on!l..!efresh 
or a CAS before 
RAS refresh cycle be executed while WE;" 
VIH to ensure normal 
operation. 


(3) Ac measurements 
assume tT = 5 ns. 


(4) VIH (min) and VIL (max) are reference levels for measuring 
the 
timing 
of input signals. Transition 
times are measured between 
VIH and VIL' 


(5) 
ICC1' ICC3' IcC4' and Iccs depend on output 
loading and cycle 
rates. Specified 
values are obtained 
with the output open. ICC3 
is measured assuming that all column address inputs are held at 
either a high level or a low level during RAS-only refresh cycles. 
ICC4 is measured 
assuming that all column address inputs are 
switched 
only once during each fast-page 
cycle. 


(6) The minimum 
specifications 
are used only to indicate the cycle 
time at which 
proper operation 
over the full temperature 
range 
(TA= 0 to +70°C) is assured. 


(7) 
Load = 
2 TTL (-1 mA, + 4 mAl loads and 100 pF (VOH= 2.0 V 
and VOL= 0.8 V). 


(8) 
ij tRCD :s tRCS (max) and tRAD :s tRAD (max) access time is 
defined 
by tRAC (max). ij tRCD ;" 
tRCD (max) access time 
is 
defined 
by leAC (max) and if tRAD ;" tRAD (max) access time is 
defined 
by tAA (max). 


(9) 
tOFF (max) and tOEZ (max) define the time at which the outputs 
achieve the open-circuit 
condition 
and are not referenced to VOH 
or VOL. 


(10) The tCRP requirement 
should be applicable 
for RAS/CAS cycles 
preceded 
by any cycle. 


(11) Either tRRH or tRCH must be satisfied 
for a read cycle. 


(12) Parameter twP is applicable 
for a delayed write cycle such as a 
read-write/read-modify-write 
cycle. For early write 
cycles, both 
twcs 
and tWCH must be met. 


(13) These parameters 
are referenced to the fal.!!!l.9 edge of CAS for 


early write cycles and to the falling 
edge of WE for delayed write 
or read-modify-write 
cycles. 


(14) twcs, 
tRWD, leWD, and tAWD are restrictive 
operating 
parame- 


ters in read-write/read-modify-write 
cycles only. ij twcs 
~ twcs 
(min), the cycle is an early write 
cycle and the data I/O pins will 
remain open-circuit 
throughout 
the entire cycle. ij leWD ~ leWD 
(min), tRWD ~ tRWD(min), andtAwD 
~ tAWD(min), then the cycle 
is a read-write cycle and the data I/O pins will contain data read 
from the selected cells. ij neither of the above conditions 
is met, 


the condition 
of the data I/O pins (at access time and until CAS 
returns to VIW is indeterminate. 


(15) Assumes that the test mode has been set. Contact 
your NEC 
Electronics 
sales representative 
for more details. A test mode 
may be initiated 
by executing 
a CAS before RAS refresh cycle 


with 
WE held 
at VIL. This 
mode 
also may inadvertantly 
be 
initiated 
during power-up because external 
control of the signal 
lines is very difficult 
during 
this 
period. 
~ is therefore 
recom- 


mended that while WE is held at VIH, either a RAS-only or CAS 
before RAS refresh cycle should 
be executed 
at any time after 


the end 
of the 
initial 
power-up 
sequence 
to 
ensure 
normal 
device operation. 
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Timing Waveforms (cont) 


Early Write Cycle 


I~ 
lCSH 


Noto: 


[1J OE = don'! care, 
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Timing Waveforms (cont) 


Late Write Cycle 


~ 


CWL 


tRALr---tRWL 


t-IEC 


Timing Waveforms 
(cont) 


Resd-Write/Resd-Modify-Wrlte 
Cycle 


"J~IRAD 
lAse 


lRAH 
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Timing Waveforms (cont) 


RA5-0nly Refresh Cycle 


Notes: 


[1J WE ~ OE = don't care, 
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Timing Waveforms (cont) 


Hidden Refresh Cycle 
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Timing Waveforms (cont) 


Fast-Page Read Cycle 


II 
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Timing Waveforms 
(cont) 


Fast-Page Early Write Cycle 
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Timing Waveforms (cant) 


Fast-Page Late Write Cycle 
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Fast-Page Read-Write/Read-Modify-Write 
Cycle 
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APPLICATION 
NOTE 53 


pPD42i000lpPD42i00i1pPD42i002 


i-MEGABIT 
DYNAMIC 
RAMs 


Description 


NEC's 
pPD421000, 
pPD421001, 
and 
pPD421002 
are 


1-megabit 
dynamic 
RAMs (DRAMs) manufactured 
with 


the CMOS 
1-pm fine-pattern 
process 
and configured 


as 1,048,576 x 1 bit. As shown 
in table 1, this family 
of 


DRAMs has been developed 
in a variety of speeds and 


packages. 
The package 
pin layouts 
appear in figure 
1. 


Configurations 


ThepPD421000,pPD421001, 
andpPD421002 
(figures 2, 
3, and 4) consist 
of memory 
cell 
arrays, 
input 
and 


output 
buffers, 
clock 
generators, 
refresh 
address 


counters, 
and row and column 
decoders. 


The basic layout 
of the chips is shown 
in figure 
5. As 


can be seen from the diagram, 
the whole 
memory 
cell 


array is divided 
into 16 smaller 64-kilobit 
arrays that are 


accessed 
separately. 


Memory Cell Structure 


Dynamic 
RAMs 
generally 
feature 
one-transistor 


memory cells, which require only about one-fourth 
of the 


area used by four-transistor 
and six-transistor 
(flip- 


flop) 
memory 
cells 
in static 
RAMs. Although 
a one- 


transistor 
cell provides 
a big advantage 
in reducing 


chip size, data must be rewritten 
(refreshed) 
at regular 


intervals 
for proper 
data storage 
on the memory 
cell 


capacitor. 
A cross-sectional 
view of the trench-type, 
one-transistor 
memory 
cell 
used in the pPD421000- 


series DRAMs is shown 
in figure 
6. 


This trench 
design uses three-dimensional 
rather than 


planar 
capacitors, 
thereby 
achieving 
a larger capaci- 


tance 
in a smaller 
surface 
area than 
in conventional 


circuits. 
The capacitance 
of this type of cell is deter- 


mined by total trench 
area, the dielectric 
constant, 
and 


the 
thickness 
of the 
insulating 
film. 
To reduce 
soft 
errors caused 
by a-particles, 
an effective 
capacitance 


in 
excess 
of 
50 
femtofarads 
(fF) 
is 
used 
in 
the 


pPD421000, pPD421001, and pPD421002. 
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Table 1- 
1,048,576 x l-Bit 
DRAM 
Family 


RASAccess 
R/W Cycle 
Operating 
Standby 
High-Speed 
Oevice 
Time (maxi 
Time (mini 
Current (maxI 
Current [maxi 
Mode 
Packages 


I'PD421000-80 
80 ns 
160 ns 
70 mA 
1 mA 
Fast Page 
C = 18-pin plastic 
DIP 


-10 
100 ns 
190 ns 
60 mA 
1 mA 
V = 20-pin plastic ZIP 


-12 
120 ns 
220 ns 
50 mA 
1 mA 
LA = 2612O-pin plastic 
SOJ 


I'PD421001-80 
80 ns 
160 ns 
70 mA 
1 mA 
Nibble 


-10 
100 ns 
190 ns 
60 mA 
1 mA 


-12 
120 ns 
220 ns 
50 mA 
1 mA 


I'PD421002-80 
80 ns 
160 ns 
70 mA 
1 mA 
Static Column 


-10 
100 ns 
190 ns 
60 mA 
1 mA 


-12 
120 ns 
220 ns 
50 mA 
1 mA 


Figure 
2. 
f../PD421000 Block 
Diagram 
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Notes: 


[1] The memory is divided Into sixteen 64-kbit memory cell arrays. 


[2] RD = row decoder/word 
driver. 
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Read/Write 
Operation 


In dynamic 
RAMs, changes 
in bit line potential 
caused 


by the minute 
charging 
and discharging 
of memory 


cells are amplified 
by a sense amplifier 
to be read as 


either 
1 or O. Memory 
cell and sense amplifier 
equiva- 


lent circuits 
are shown 
in figure 7. 


To read the data from storage cell CS11,the row address 
selects 
word 
line WL1, and data from 
memory 
cells 


CS11,CS21, ... 
,CSn1 connected 
to WL1 is passed to 


bit lines BL1' BL2' 
... 
, BLn. These data signals 
are 


passed 
to 
the 
sense 
amplifiers, 
where 
they 
first 


are 
compared 
with 
data 
from 
dummy 
cells 
C011, 


C021, ... 
,COn1, connected 
simultaneously 
with the 


memory 
cells, and then amplified. 
At the same time, 


the original 
data 
is rewritten 
to memory 
cells 
CS11, 


CS21, ... 
, Csn1, Switch 
Y1 is then 
selected 
by the 


column 
address, 
and the CS11 data on the BL1 line is 


passed via the I/O bus and a data amplifier 
to external 


circuits. 


Write and read operations 
are identical, 
up to ampli- 


fication 
and rewriting 
of memory cell data selected by a 


row address. After being passed to the bit line selected 
by the column 
address, 
write 
data 
is written 
into 
a 


target memory cell (such as CSll)' 
Since the number of 


memory 
cells 
selected 
by one 
row 
address 
in the 


devices 
is 2048, 
2048 
memory 
cells 
are 
refreshed 


simultaneously 
in each memory 
or refresh cycle. 


.fJ. CD 
n 
l 


ODnl 


OSn2 


~ 
CSn2 


WL, [OWL) 
Word Line [Dummy Word Line] 
BL, BL 
Bit Line 


CS, [CD) 
Storage Cell Capacitor 
[Dummy Cell Capacitor) 
SA 
Sense Amplifier 


Column 
Decoder 
Output 


Yl 


.fJ. 


CSn4 


OSn4 


Pin Functions 


RAS and CAS [or CS). The ,uPD421000-series 
DRAMs 


include 
two 
chip 
activator 
inputs: 
RAS 
and 
CAS 


(or 
CS), 
row 
address 
strobe 
and 
column 
address 


strobe 
(or 
chip 
select). 
In addition 
to 
reading 
row 


addresses 
Ao through 
Ag, selecting 
the relevant 
word 


line, and activating 
the sense amplifiers 
for read and 


write operation, 
the RAS input also refreshes 
the 2048 


bits selected 
by row addresses 
Ao through 
As. The 


CAS 
input 
latches 
in 
column 
addresses 
(on 
the 


,uPD421000 
and 
the ,uPD421 001) 
and 
connects 
the 


chip's internal 
I/O bus to the sense amplifiers 
activated 


by the 
RAS clock, 
thereby 
executing 
data 
input 
or 


output 
operations. 


Ao through Ag. Selection 
of an individual 
cell from the 


1,048,576-word 
x 1-bit 
memory 
cell array 
requires 
a 


20-bit 
address 
input. 
The three devices 
all feature 
an 


address 
multiplexing 
method 
in which 
an address 
is 


divided 
into two parts, the lower 10 bits (row address) 
and the upper 10 bits (column 
address). 


The row address 
is latched 
into memory 
at the falling 


edge of the RAS clock. 
After an internal 
timing 
delay, 


the 
column 
address 
input 
circuits 
become 
active. 


Flow-through 
latches 
(voltage-level 
activated, 
not 


edge-triggered) 
for column 
addresses 
are enabled 
on 


the 
,uPD421000 
or 
,uPD421001, 
and 
the 
column 


addresses 
immediately 
begin propagating 
through 
the 


latches 
to the column 
decoders. 
A column 
address 
is 


held in the latches by the falling 
edge of CAS. For read 


cycles 
on the ,uPD421002. the column 
address 
input 


circuitry 
is not controlled 
by CS, and column 
addresses 


must be held valid until data is read out. 


Setup times (tASR and tASC) and hold times (tRAH and 
tCAH) for address 
inputs 
are defined 
in relationship 
to 


the falling 
edges of RAS and CAS (CS or WE for write 


cycles 
on the ,uPD421002). 
In actual 
operation, 
a row 


address 
is specified 
before the RAS input is activated; 
once the address 
bus switches 
to column 
addresses, 
CAS (or CS) is activated. 


WE [Write Enable]. 
Read and write cycles are executed 


by activating 
the RAS and CAS 
(or CS) inputs 
and 


controlling 
WE. An early write cycle is executed 
if WE is 


activated 
before the falling 
edge of CAS (or CS) during 


a write cycle, and a late write (read-modify-write) 
cycle 


is executed 
if the WE input is activated 
later. 


Read and Write Cycles 


Read cycles 
are executed 
by activating 
RAS and CAS 


(or CS) with the WE input at a high level (inactive). 
The 


RAS access time of tRACis valid if the delay from RAS to 
CAS (or CS) is less than tRCD(max), and the delay from 
RAS to the column 
address is less than tRAD (max). The 


CAS (or CS) access time of tCAC is valid 
if the delay 


from 
RAS to CAS (or CS) is greater 
than tRCD (max), 


and the delay from the column 
address to CAS (or CS) 


is greater than tASC (max). The address access time of 
tAA is valid if the delay from RAS to the column 
address 


is greater 
than 
tRAD (max), 
and 
the delay 
from 
the 


column 
address to CAS (or CS) is less than tASC (max). 


Output 
data is held valid until 
CAS (or CS) becomes 


inactive 
again (figure 
8). 


Write cycles 
are executed 
by activating 
the RAS, CAS 
(or CS), and WE inputs. 
Write 
data is latched 
by the 


falling 
edge of CAS (or CS) or WE, whichever 
occurs 


later. 


A WE input 
applied 
before 
the 
CAS 
(or 
CS) 
input 


initiates 
an early 
write 
cycle, 
whereby 
write 
data 
is 


latched 
by the falling 
edge of CAS (or CS). 


Conversely, 
a WE input applied 
after the CAS (or CS) 


input 
initiates 
a late write 
cycle 
(read-modify-write 


cycle), 
whereby 
write data is latched 
into the chip by 


the 
falling 
edge 
of WE. The 
status 
of 
DOUT is not 


guaranteed 
in this case, but depends 
on the timing 
of 


WE with respect to RAS and CAS (or CS). If WE is acti- 
vated at least tCWDafter the CAS (or CS) input, and at 
least 
tRWD after 
the 
RAS 
input, 
write 
operation 
is 


enabled 
in the same memory 
cycle 
during 
which 
the 


read data is valid. 


Refresh Cycles 


The process 
of rewriting 
data held in a memory 
cell, 


refreshing, 
is performed 
by a sense amplifier 
in the 


,uPD421000-series 
DRAMs. 
The 
three 
devices 
are 


capable 
of executing 
the same 
RAS-only 
and 
CAS 


(or CS)-before-RAS 
refresh cycles 
as are executed 
in 


other 
conventional, 
general-purpose 
DRAMs. 
All 512 


rows 
of memory 
cells 
must 
be refreshed 
within 
any 


8-ms period. 


Since 
in image 
memory 
applications, 
row addresses 


Ao through 
As are read or written 
sequentially 
within 


8 ms, the accessing 
itself 
initiates 
refreshing 
and no 


additional 
refresh cycles 
are required. 
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Notes: 


11) In a read-modify-write 
cycle, 
cycle 
time 
is defined 
as IRWe = IRWD + tRWL + 3 IT + tRP. 


[2] 
Timing 
ICAH 
applies 
10 the pPD421000 
and 
the pP0421001. 


13J Timing 
IAH applies 
10 the pP0421002. 
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RAS-Only 
Refresh 
Cycle. 
RAS-only 
refreshing 
is 


executed 
simply 
by leaving 
the CAS 
(or CS) 
input 


inactive 
(high 
level) during 
a RAS clock 
cycle. 
This 


cycle 
uses the 512 lower addresses 
specified 
by row 


addresses Ao through 
A8 to ensure that all memory cell 


bits are refreshed. 
Hence, 
2048 bits of memory 
are 


refreshed 
in a single cycle (figure 9). 


CAS [or CS]-Before-RAS 
Refresh Cycle. This type of 


refreshing 
is executed 
using the addresses generated 


by the 
chip's 
internal 
address 
counter 
when 
CAS 


(or CS) is activated 
(low level) in advance of the RAS 


input (figure 
10). 


Figure 9. 
RAS-Only 
Refresh Cycle 


Even in systems 
without 
an address 
output 
from the 


microprocessor, 
no additional 
external address counter 


or refresh address selector 
is required. 
CAS (or CS)- 


before-RAS 
refreshing 
allows 
refreshing 
to 
be 


accomplished 
with 
a minimum 
of peripheral 
circuits 


(figure 
11). 


High-Speed 
Access Cycles 


In addition 
to being capable 
of standard 
access, the 


pPD421000 
is equipped 
with 
fast-page 
access, 
the 


pPD421001 with nibble access, and thepPD421002 
with 


static-column 
access (table 2). 


tV~lIIZO 
~"1 


CASlorCS) 70111111 ~L 
"'1 
.....7Z7ZZJIIIiJ :::••,,,;;;7717777//71//7/ 


High Impedance 
DOUT 
-------------------------------------- 
Note: 


[1] Row address Agls 
not necessary 
tor refreshing, 
but the tASR and tRAH 
specifications 
must be satisfied just as for other addresses. 
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IJPD421000-80 


-10 


-12 


IJPD421001-80 


-10 


-12 


IJPD421002-80 


-10 


-12 


From 
{ 
Microprocessor 


Rowand 
Column Address 
Switching Signal 


Refresh Control 
Signal 


=> 


Multiplexed 
Address Inputs 
AO-Ag 


=> 


Multiplexed 
Y 
Address Inputs 
AO-Ag 


High-SpeedAccess 


Random access on one page 
selected by Ao through Ag 


Row, Column: Ag inputs set 
starting location for nibbie- 
mode access 


Row: Row selection 
Column: Individual cell access 
on one row 


Random access on one row 
selected by AOthrough Ag 


Major Characteristics 
of Fast-Page, 
Nibble, and Static-Column 
Modes 


AccessTime (max) 
Cycle Time (mln) 
Internal Address Usage 


45 ns 
50 ns 
Row: Page selection 
50 ns 
60 ns 
Column: Individual cell access 
on one page 
60 ns 
70 ns 


20 ns 
40 ns 


25 ns 
45 ns 


30 ns 
55 ns 


45 ns 
50 ns 


50 ns 
60 ns 


60 ns 
70 ns 
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Fast-Page 
Mode. Fast-page 
mode makes it possible 
to 


randomly 
access data in the same row address 
(figures 
12 and 13). The 1024 bits of memory 
are obtained 
from 


the combinations 
of column 
address 
inputs 
Ao through 
Ag within 
one 
row 
address 
in the pPD421000. 
Up to 


1998 continuous 
accesses 
can 
be executed 
on 
the 


80-ns 
version 
before 
the 
maximum 
interval 
for tRASP 


(100 ps) is reached. 


The tpc cycle 
time for random 
fast-page 
read or write 


cycles 
is equivalent 
to tCAS + tcp + 2tT· 


1024-8it Page Selected 
by Row Addresses AO through Ag 
Column Address Decoder Output 
Memory Cell Data Access 
on the Same Page [0 through 
10231 


Legend: 
[> 
Sense Amplifier 


D Switch 
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D'N 
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Nibble 
Mode. 
In nibble-mode 
cycles, 
the first 
data 


location 
is specified 
by row and column 
addresses Ao 


through 
Ag during 
a read or write 
cycle 
(table 
2 and 


figures 
14 and 15). When 
the pPD421001 
internally 


sequences 
the two highest-order 
addresses 
(Ag) dur- 


ing the next CAS clock cycle, read and write cycles can 
be executed 
in less time than in fast-page 
operation. 


262,144 
Memory Cells 
[512 x 512] 


262,144 
Memory 
Cells 
[512 x 512) 


262,144 
Memory Cells 
1512 x 512] 


262,144 
Memory 
Cells 
[512 x 512) 


Row Address Ag 


Column Address Ag 


Nibble 
Row AddrU$ 
Column Addren 


Sequence 
Bit 
A, 
A8 
A1 
AfI 
As 
A.• 
A3 
"2 
Al 
Ao 
A, 
As 
., 
A6 
As 
A.• 
A3 
A2 
Al 
Ao 
Comment 


RAS/CAS 
0 
, 
0 , 
0 
1 
0 , 
0 
1 
0 
, 
0 , 
0 
1 
0 
1 
0 , 
External 
address 


CAS Cycling 
, 
0 , 
0 
1 
0 , 
0 
1 
0 
, 
0 
1 
0 
1 
0 
1 
0 


CAS Cycling 
1 
0 
1 
0 
0 
1 
0 
1 
1 
0 
1 
0 
1 
0 
1 
0 
Internal 
address 


CAS Cycling 
1 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
1 


CAS Cycling 
1 
0 
1 
0 
1 
0 
1 
0 
0 
1 
0 
0 
1 
0 
1 
Repeated 
sequence 


Notes: 


[1] Xg = Row address 
Ag 


[2] Yg = Column 
address 
Ag 
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For the 80-ns version, 
the average 
cycle 
time per bit in 
nibble 
mode is 70 ns, when 4 bits are accessed 
during 
a 


long tRAscycle 
(figure 
16). By using muitiplejlPD421001 


devices, 
high-speed 
cache 
and frame 
buffer 
applica- 


tions 
are possible 
(figure 
17). 


tRc--------ol 
tRAS 


Noles: 


[1] Minimum lAC Ins] in nibble mode: 


= ICSH + INC x 2 + tNP + INRRSH 
or INWRSH + IRP + tT x 4 
= 80 + 40 x 2 + 10 + 20 + 70 + 20 
= 280 ns [tor 4 bits] 
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Dol Clock 


Load Clock 


1/4 Dol Clock 


Synchronous 
Clock Generated 
by RAS 


Synchronous 
Clock 
Generaled 
by CAS 


DOUT 
from 
"PD421001's 
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Static-Column 
Mode. Rowand 
column 
addresses 
are 


functionally 
equivalent 
in static-column 
and fast-page 


access. The available 
number of continuous 
accesses 


on one row, and the cycle timing, 
are also similar 
to 


fast-page 
operation. 


In a static-column 
device, there are no setup or hold 


timing 
requirements 
for read addresses; 
CS may be 


held low continuously 
in the ON-state. 
To allow this 


feature, 
the column 
addresses 
must be maintained 
as 


valid inputs for the duration 
of each cycle. There are 


few other restrictions 
on timing 
(figure 
18). 
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Precautions 


Precautions 
when 
using 
the JlPD421000, JlPD421001, 


JlPD421002, 
and 
other 
DRAMs 
should 
be carefully 


observed 
in the areas listed below: 


• 
Power-on 
and initialization 


• 
Supply voltage fluctuations 
caused by peak currents 


• 
Relationships 
between 
address/data 
inputs 
and 


drivers 


• 
RAS and CAS (or CS) generation 


Power-On 
and Initialization. 
Dynamic 
RAMs operate 


by the charging 
and discharging 
of gate and internal 


circuit 
capacitances. 
Therefore, 
dummy 
RAS clock 


cycles 
must be executed 
to charge 
internal 
potentials 


to the prescribed 
levels when power is applied. 
Dummy 


RAS cycles are also necessary 
when there has been no 


accessing 
(reading, 
writing, 
or refreshing) 
for periods 


longer than the refresh 
interval 
(figure 
19). 


To control 
transistor 
threshold 
voltages 
and decrease 


internal 
stray 
capacitance, 
DRAMs 
are 
usually 


equipped 
with 
a substrate 
voltage 
generator 
circuit 


to supply 
the 
chip's 
interior 
with 
negative 
voltage. 
Approximately 
100 Jls is 
required 
to 
generate 
an 


adequate 
negative 
voltage 
level after power is applied 


and Vcc :::::4.5 V. 


When 
the 
power 
is 
switched 
on, 
a 
peak 
current 


dependent 
on the 
levels 
of RAS, CAS 
(or CS), and 


WE is reached 
during 
the 
rising 
of Vcc. 
This 
peak 


current-maximum 
when 
RAS and CAS 
(or CS) are 


active and WE is inactive-can 
be minimized 
by using 


clock 
input 
pullups 
on RAS and CAS (or CS) so that 


their 
rise times 
correspond 
to the 
rise time 
of the 


power supply. 


Supply 
Voltage 
Fluctuations. 
Since 
1 and 
0 
logic 


(storage) 
operations 
are executed 
by the charging 
and 


discharging 
of capacitances, 
including 
the 
memory 


cells, 
the 
peak 
current 
generated 
is dependent 
on 


charge 
and discharge 
timing. 


This 
peak current 
is concentrated 
just after RAS and 


CAS (or CS) transition 
intervals 
(figure 
20) with a peak 


value of about 120 mA. Since this current 
is a source of 


noise 
(voltage 
drop) 
in the 
memory 
system 
supply 


voltage, 
decoupling 
by multilayer 
ceramic 
capacitors 


with excellent 
frequency 
response 
is necessary. 
If the 


average 
of the 120-mA peak current 
pulse lasts about 


100 ns, the capacitance 
required 
to keep the drop in the 


supply 
voltage 
line at about 
0.1 V will 
be calculated 


as follows: 


C = 120 (mA) x 100 (ns) 
0.1 (V) 


= 120 X 103 pF 


= 0.12 JlF 


Therefore, 
when 
designing 
the memory 
board, 
keep 


the power and ground 
leads as short as possible for low 


inductance. 
Decoupling 
capacitors 
of about 
0.2 JlF 


must be inserted 
between 
the power 
supply 
lines for 


each 
memory 
device. 
With 
careful 
board 
layout, 
the 


use of fewer but larger capacitors 
is possible. 
Capaci- 


tors used in one of every two memory device locations, 
with a value of perhaps 
0.33 JlF, can provide 
satisfac- 


tory decoupling 
in many cases. 
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Address/Data 
Inputs 
and Drivers. 
Probably 
the most 


important 
consideration 
in DRAM timing 
is the rela- 


tionship 
between address/data 
inputs and the external 


drivers. 
In address-multiplexed 
DRAMs 
such 
as the 


pPD421000, 
pPD421001, 
and pPD421002 
(where 
row 


and 
column 
addresses 
are supplied 
as two 
sets of 


inputs), 
addresses 
supplied 
externally 
have 
to 
be 


switched 
by a multiplexer. 


The sequence 
of this timing 
must 
be designed 
very 


carefully. 
A timing 
sequence 
starts with the setting 
of 


row addresses. 
Next, RAS falls. After the specified 
hold 


time 
for 
row 
addresses 
is met, 
the 
addresses 
are 


switched 
to set up column 
address 
input. 
Once CAS 


(or 
CS) 
falls, 
the 
specified 
hold 
time 
for 
column 


addresses 
must be satisfied. 


When CAS (or CS) is activated within the time specified 
for tRCD (max), the setup time for column 
addresses 
is 


more difficult 
to guarantee 
than when tRCD is longer 


than tRCD (max), because 
one external 
address 
driver 


has to drive 
more 
than 
one address 
pin in an array 


of 
DRAMs. 
The 
address 
multiplexer's 
delay 
time 
is 


increased 
by load capacitances 
larger than the typical 


value. 


For illustration, 
measurements 
of output 
delay times 


for certain 
drive load capacitances 
are shown in figure 


21. 


In the design 
of high-density 
memory 
boards 
having 


a large 
number 
of memory 
devices, 
partitioning 
of 


drivers 
becomes 
necessary 
because 
of wiring 
and 


through-hole 
capacitances. 
Special care must be taken 


to ensure that the setup and hold times for addresses 
conform 
with the specifications. 
Otherwise, 
invalid 
or 


undefined 
addresses 
may be latched 
into the chip, and 


data may be destroyed 
even if nothing 
is written. 


RAS 
and 
CAS 
[or 
CSl 
Generation. 
In addition 
to 


reading the address 
inputs, RAS and CAS (or CS) also 


generate 
the basic timing 
for all DRAM circuit 
opera- 


tions. The internal 
timing 
generators 
are connected 
in 


daisy-chain 
fashion, 
and are completely 
controlled 
by 


the basic RAS and CAS (or CS) inputs. 
Because of this 


control, 
the memory system design must prevent noise 


glitches 
from 
being 
generated 
in the RAS and CAS 


(or CS) inputs. 


RAS and CAS (or CS) timing 
is specified 
in terms of 


minimum 
values. High- or low-level 
pulses that do not 


satisfy 
these 
minimum 
values 
can result 
in incorrect 


output 
data 
(because 
there 
is insufficient 
time 
for 


sense 
amplifier 
operation), 
and 
can 
also 
lead 
to 


destruction 
of write data. Therefore, 
the prevention 
of 


noise 
glitches 
must 
be carefully 
considered 
in logic 


and circuit 
design. 


Figure 
21. 
Effect 
of Load 
Capacitance 
on TTL 


(7404) Output 


Parameter 


tPLH 


tPHL 


tR 


tF 


CL = 10 pF 


9 


5.5 


3.2 
1.5 


Time 
[ns] 


CL = 110 pF 


16.5 


12.5 


7.8 


3.8 


CL = 210 pF 


26 


17 


15 
5.5 


Notes: 


[lJ 
tpLH, tPHL are defined 
as the delay time from VIN = 1.5 V to VOUT 


= 2.4 V or 0.8 V. 


[2] tR and tF are defined 
as the transition 
time between 
VOH Imln] 
and 


VOL [maxi. 
[3] Load capacitance 
CL includes the oscilloscope 
Input capacitance. 


\. 
}. 


...•. 


I 


7 
y. 


\. 
A-\ 
/"'--- 
/ 
V 


.-/ 
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Features 


The tJPD7020a (also known 
as V40) is a high-perfor- 


mance 
a-bit 
CMOS 
microprocessor 
featuring 
16-bit 


architecture 
in the 
CPU, 
and 
including 
a number 


of other peripheral 
devices within 
the same chip. The 


CPU is equipped 
with a powerful 
set of instructions 
that 


cover bit processing 
and multiple-length, 
packed-BCD 


operations, 
high-speed 
multiplications 
and divisions, 
and variable-length 
bit and field manipulations. 


This 
device 
combines 
high-speed 
processing 
with 


flexibility 
in a variety 
of applications. 
The 
on-chip 


peripherals 
include 
a clock 
generator 
with 
a timer/ 
counter 
and programmable 
wait control, 
refresh con- 


trol, serial control, 
interrupt 
control, 
and DMA control 


units. 
In addition 
to allowing 
more 
compact 
micro- 


computer 
systems, 
the V40 has a simplified 
system 


design. 


When connected 
to the tJPD421000-series 
DRAMs, the 
V40 does 
not 
require 
an external 
refresh 
timer 
or 


other peripherals, 
which 
means a big reduction 
in the 


number 
of external 
devices 
required. 


Memory Mapping 


In the V40, memories 
of up to 1 megaword 
can be 


accessed 
using address 
information 
(A19 through 
Ao) 


output 
from the 20-bit address 
bus (figure 
22). 


The first 1024 bytes, 0 through 
3FFH, are allocated 
to 


interrupt 
vectors 
(although 
areas that cannot 
be used 


by the 
system 
can 
be used elsewhere). 
Addresses 


FFFFOH through 
FFFFBH 
are used for starting 
and 


resetting 
purposes; 
FFFFCH 
through 
FFFFFH 
are 


reserved for future 
use and cannot 
be used here. The 


remaining 
address 
space, 
400H through 
FFFEFH, 
is 


not allocated 
and may be used as desired. 


As shown 
in figure 
23, with a data bus width 
of a bits 


in the V40, CPU connections 
to the memory 
require 


only that the 20-bit 
address 
output 
from 
the CPU be 


accepted 
in the 1-megabyte 
address space. Byte data 


is accessed in one bus cycle, and word data is accessed 
in two bus cycles. 


Because 
of this simple 
connection 
requirement, 
it is 


only necessary 
to allocate 
the system control 
ROM to 


addresses of at least FFFFOH and disable the ROM-area 
RAM (since 
1 megabyte 
is already 
taken 
up by eight 


1-megabit 
DRAMs). 
The 
method 
used 
may 
involve 


either deselecting 
the ROM-area RAM by a decoder, or 


executing 
bank switching 
to use the entire area as RAM 


area. The example 
included 
for this application 
shows 


the former 
method 
because it is simpler. 


DH 


3FFH 
4DDH 


FFFEFH 
FFFFDH 


FFFFBH 
FFFFCH 


FFFFFH 
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Hardware Configuration 


Since refresh addresses and the timing 
control 
outputs 


can be supported 
by programming 
on-chip 
circuits, 


the generation 
of RAS and CAS (or CS) timing 
is the 


only major DRAM support 
not provided 
directly 
by the 


V40 (figure 
24). 


Memory Access Timing Generation 


Although 
V40 memory 
access timing 
can be generated 


from either the bus status or MWR/MRD, 
thepPD71088 


system 
bus 
controller 
is 
used 
in 
this 
application 


example 
to 
enable 
connections 
to 
slightly 
slower- 


speed memories. 
The RAS and CAS (or CS) signals are 


thus generated 
by decoding 
the bus status. 


The RAS and CAS (or CS) generator 
is shown in figure 


25, and the operation 
timing 
in figure 
26. To generate 


the 
control 
timing 
with 
this 
system 
controller, 
bus 


status signal 
BS2 is sampled 
by the CPU clock 
output 


(/POUT) 
at the rising 
edge of the T, cycle, 
and RAS is 


generated 
from FF2 at the falling 
edge of /POUT at the 


end of T1. The multiplex 
control 
signal 
(MPX) used in 


address switching 
during 
memory 
cycles 
is generated 


by RAS. After 
RAS is generated, 
it is delayed 
by the 


rising edge of the external 
16-MHz clock to create MPX, 


which 
is then passed to the data selector 
input. 


As can be seen from 
figure 
26, memory 
access 
time 


is equal to 2/f(/POUT) 
- 
(tSDK+ TTL delay time). Even if 


an external 
clock 
of 16 MHz is used, a -12 device 
is 


sufficient 
(RAS access time in the -12 device is 120 ns). 


Latch 
Mux 
~7 


DIN, DOUT 


CPU 


A19-AS 


.A 


"- 
Address Bus 
D 
Q 
A 
Y 
AO-Ag 
AD7-ADo 
B 
v 
v 


STB 


I 
pPD421000/1/2 
x S 


I 


LBS 


Row, Column Switching 


BS2 to BSO-- 
Bus 


REFRQ -- 
Controller 
RAS 


and 
CAS lor CSI 
\POUT -- 
Timing 
WE 
Generator 


I 
I 
t 
I 
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BSO 
BSl 


16 MHz Clock 


REi'RQ 


ROM Access 


t-iEC 


Bs,. BsOI 
Bs, or BsO = Low Level - 
Memory Select 


\ 
Ii 
( 


I 


~ 


IHKD~o.J 
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Refresh Timing Generation 


Refreshing 
for 
the 
IlPD421000, 
IlPD421001, 
and 


IlPD421002 
is executed 
by selecting 
512 lines in 8 ms. 
In the V40, memory 
refreshing 
can be handled 
easily 


by outputting 
the REFRQ control 
signal 
and the Ao 


through 
As refresh addresses. 
These signals are con- 


trolled 
by programming 
the refresh 
control 
register 


(RFC), allocated 
to I/O address FFF2H (figure 27). 


Refresh Interval, Refresh Enable Set 
II/OW,il_] 


7 
2 


_R_E 
R_T_M 
~I 
RFC 


RTM 
N [Timer Factor] 


00000 
17 


00001 
18 
00010 
19 
00011 
20 
------- 
----------- 


00100 
5 
00101 
6 


11110 
31 
11111 
32 
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This function 
generates 
the REFRQ control 
signal 
in 
accordance 
with 
the 
programmed 
interval. 
In this 


application 
example, REFRQ is used to disable genera- 


tion 
of the CAS (or CS) clock 
during 
refresh 
cycles, 


thereby 
initiating 
RAS-only 
refreshing. 
Figures 28 and 
29 show how to generate 
memory 
addresses 
and how 


to 
control 
data 
input 
and 
output 
by 
using 
control 
signals 
generated 
by the RAS and CAS (or CS) timing 
generator. 
Figure 
30 
shows 
the 
timing 
for 
V40- 
generated 
refresh addresses. 


The programmed 
values forthe 
control 
register appear 


in figure 
27 (also 
refer 
to 
the jiPD7020B/jiPD70216 
User's 
Manual). 


Authorization 
for the jiPD70208/jiPD70216 
refresh con- 
trol unit to use the memory 
bus can be set either to top 
priority 
or lowest priority, 
depending 
on the hold status 
of the refresh request. Top priority 
is set if seven refresh 


requests 
are being 
held, and refreshing 
is executed 
consecutively 
until the number 
of requests 
is reduced 
to three. 


Although 
a wait interval 
of maximum 
duration 
(three 


clocks) 
is inserted 
by the built-in 
wait control 
unit, if a 
reset input 
is applied 
after 
power 
is applied, 
no wait 


interval 
need be inserted 
in actual applications. 
There- 
fore, the wait control 
register 
has to be reset when the 
V40 is used at 8 MHz. 


Wait control 
registers WCY2 (FFF6H), WCY1 (FFF5H), 


and WMB 
(FFF4H) 
write 
program 
data at these 
I/O 
addresses 
using an I/O write instruction 
(figure 
31). 


=> 


Memory 
Address 
MAO-MAg 


LS1S71nput 
A 
B 


AO-A10 
A1-All 
A2 -A12 
A3 -A13 
A4 -A14 
AS -A1S 
A6-A16 
A7 - A17 
AS- 
A1S 
Ag-A19 


1M BItKS 
/ 
/ 
/ 
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A19/P53 
through 
Al&!P50 


l 


oou1t 
_ 


)( 
10_'_0 
X.....__ 


I 'OU1[ 
II 


I 
IDKA~ 


J 
--:------/ 
J 
'o"n 
{ 
. 
'O,~, }_ 
1{ 
B_5_2 
=_1_, 
B_5_1 
=_0_,_B5_0_=_1 
_tD_K_BH_~_.Jf------------ 


II 


Dummy Cycles 


As explained 
previously, 
dummy 
cycles are required 
to 


charge 
certain 
internal 
voltage 
potentials 
to proper 


operating 
levels in the DRAM's 
internal 
circuits 
after 


power has been applied. 


In the following 
application 
example, 
these 
dummy 


cycles 
are 
implemented 
by 
executing 
eight 
write 


(or 
read) 
cycles, 
from 
OOOOH to 
00007H, 
in 
the 


memory. 


MOV 
MOV 
INC 
CMP 
JNZ 


AL,OOOOH 
(BL),OOOOH 
AL 
AL,00007H 
LOOP 


WCY1 [Wait Cycle Register 1] .... 
1/0 Address FFF5H 


76543210 


lOW 
I 
UMW I 
MMW 
LMW I WCY1 


lOW 
[1/0 
Wait] 


UMW 
[Upper Memory Block Walt] 
MMW 
[Middle 
Memory Block Wait] 
LMW 
[Lower Memory Block Wait] 


10W/UMW/MMW/LMW 
Number of Walt States 


00 
o [No Wait] 


01 
1 


10 
2 


11 
3 


WMB [Walt Memory Boundary 
Register] 
.... 
1/0 Address FFF4H 


76543210 


LMB 
UMB 
I WMB 


LMB/UMB 
Memory Block Size 


000 
32KB 


001 
64KB 


010 
96KB 


011 
128KB 


100 
192KB 


101 
256KB 


110 
384KB 


111 
512KB 


Composite Schematic 


Figure 32 shows the complete 
schematic. 
The V40 and 


1M CMOS 
DRAMs are included, 
as well as circuits 
to 


control 
timing 
and refreshing. 


WCY2 [Walt Cycle Register 2] .... 
1/0 Address FFF6H 


76543210 


I - I - I - I - I DMAW I 
RFW 
I WCY2 


DMAW/RFW 
Number of Wait States 


00 
0 


01 
1 


10 
2 


11 
3 
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IC14A 
•..... 


IC15A 
, •..... 
2 
9 •••• 8 
16MHz 
•... 
,•..... 
2 
JJ 


3 
IC8 
VCC 
~ 
IC14C 
~ 
1 IC12A l1~ 
~ 
•... 


71C14B 
19 
~ -"tt 
Q~ 
", 
Q 


!...- 
2 
0 
O~ 
IC25 
4 
BsO 
CEN 
3 
Bs1 ':;:~ 


6 1 
2 
3 


X2 
X1 
18 
Bs2 
(I> 
a 6 
2 
K a.!. 
c.....!!.1> a 8 
3 


<POUT 57 
2 
AEN 
IC9~ 
- 
'- 
..!;~ 


1 I 
1 


V40 
I 
RAS 
Disable 
"\7 
Microprocessor 
21 
3 
ROM 
Access 
IC1 
IC16AA 
~'2C 
[CE] 


66 
IC13A 
4 
BsO 
3 
10 
8 
IC15B 
67 
4 
10 
5 
&L 


Data 
Enbl 
Bs1 
20 
20 
IC3 
4 
5 
68 
7 
~ 
Bs2 
3D 
30 
Address 
16 
3 
A19 
78 
8 
40 
40 
9 
2 
1A 
Bus 
IC12B 
A18 
79 
13 
50 
50 
12 
5 
2A 
CAS 
RAs 
A17 
80 
14 
60 
60 
15 
11 
3A 
4 
6 
15 
Ag [or CS] 
1Y 
A16 
1 
17 
70 
70 
16 
14 
4A 
3 
7 
14 


OC 
1B 
2Y 
AS 
70 
G 
6 
2B 
9 
13 
READY 
FVcc 
~' ~ 
10 
3Y 
A7 
POLL 
3B 
12 
12 
13 
4B 
4Y 
AS 


REFRO 
77 
sTB 
sEL 
~ 
~',5 
11 
MPX 
~ 
10MARO 
- 
IC4 
~ 
0-3 
3 
2 
.1!. 
A,S 
1A 
A14 
4 
5 
2A 
11 
4 
11 
2! 
A13 
5 
3A 
1Y 
AS 
~ 
A12 
6 
14 
4A 
7 
10 
~ 
Al1 
7 
2Y 
A4 
~ 
INTP 
Al0 
8 
9 
8 
3Y 
A3 
~ 
1-7 
Ag 
9 
12 
7 
-41- 
A8 
10 
3 
1B 
4Y 
A2 
~ 
6 
2B 
IC2 
10 
3B 
.# 
13 
4B 


pP0421000-12 
TCLK 
or 
~ 
TCTL2 
14 
3 
10 
10 .1..._ 
sTB 
sEL 
pP0421001-12 
~ 
NMI 
15 
4 
20 
20 
5 
7,~5 
l.!.- 
or 
2! HLORO 
16 
7 
3D 
30 
6 
pP0421002-12 
17 
8 
9 
IC5 


18 
13 
40 
40 
12 
....3.. 
4 
6 
50 
50 
1A 
1Y 
A1 
19 
14 
60 
60 
15 
~ 
2A 
20 
17 
16 
7 
5 
70 
70 
3 
1B 
2Y 
AD 
21 
18 
19 
6 
80 
80 
2B 
..g. 


EN O/TC 
RESET 
OC 
007 
G 
...g. 


006 
24 
71 
~ 
~ 
sTB 
sEL 
...g. 


005 


2.2k 
~ 15 
l..!...-.- 
...g. 


004 
4 
17 
003 
CC- 
/}. ~ 
IC7B 
17 
002 


IC61,9 
17 
001 
[ 


3 
17 
2 
000 
10k'l! 
~ 
IC7A 
Data Bus 
G 


1 
2 
A1 
B1 
18 
1 
017 
~ 
3 
A2 
B2 
17 
1 
016 
;;L-r' 


4 
A3 
B3 
16 
1 
015 
5 
15 
1 
6 
A4 
B4 
14 
1 
014 


tset 
7 
AS 
B5 
13 
1 
013 


8 
AS 
B6 
12 
1 
012 


9 
A7 
B7 
11 
1 
011 
A8 
B8 
DID 
OIR 


11 
50. 
6 
2 
WE 
•... 


IC1.IC2 
IC3-IC5 
ICS 
IC7 
IC8 


Ls373 
Ls157 
Ls245 
Ls14 
pP071088 


IC9.IC10 
IC11 
IC12 
IC13 
IC14.IC15 


Ls74 
Ls112 
Ls08 
LsOO 
Ls04 


Ls20 
pP0421000-12. pP0421001-12. 
or pP0421002-12 
V40. pP070208 
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Static RAMs II 


Section 7 
Static RAMs 


IlPD46710 
7-1 
IlPD432568 
7-65 


16,384 x 10-Bit x 2 Static 
BiCMOS 
RAM 
32,768 x 8-Bit Static 
CMOS RAM 


IlPD46741 
7-3 
IlPD43258 
7-75 


8,192 x 20-Bit 
x 2 Static 
BiCMOS 
RAM 
32,768 x 8-Bit Static 
CMOS RAM 


IlPD4361 
7-5 
IlPD431 000 
7-83 


65,536 x 1-Bit Static 
CMOS RAM 
131,072 x 8-Bit Static 
CMOS RAM 


IlPD4362 
7-13 
IlPD431000A 
7-93 


16,384 x 4-Bit Static 
CMOS RAM 
131,072 x 8-Bit Static 
CMOS RAM 


IlPD4363 
7-21 
IlPD431 001 
7-105 


16,384 x 4-Bit Static 
CMOS RAM 
1,048,576 x 1-Bit Static 
CMOS RAM 


IlPD43251 
7-29 
IlPD431 004 
7-113 


262,144 x 1-Bit Static 
CMOS RAM 
262,144 x 4-Bit Static 
CMOS RAM 


IlPD46251 
7-37 
Application 
Note 50 
7-121 
262,144 x 1-Bit Static 
BiCMOS 
RAM 
Battery 
Backup 
Circuits 
for SRAMs 


IlPD43254 
7-45 
Application 
Note 90-04 
7-133 
65,536 x 4-Bit Static 
CMOS RAM 
Battery 
Backup 
Using NEC's Supercaps 


IlPD43256A 
7-53 


32,768 x 8-Bit Static 
CMOS RAM 


Device 
Number 
Description 


Static RAMs 


JlPD4361 
64K xl-bit 


JlPD4362 
16K x 4 bits 


JlPD4363 
16K x 4 bits, with 
DE 


JlPD4368 
8K x 8 bits 


JlPD4369 
8K x 9 bits 


JlPD43251 
256Kx 
1 bit 


JlPD43253 
64K x 4 bits, with DE 


JlPD43254 
64K x 4 bits 


JlPD43258 
32Kx 
8 bits 


JlPD43259 
32Kx 
9 bits 


New speeds to 12 ns 


New speeds to 12 ns 


New speeds to 12 ns 


New device, with speeds to 15 ns 


New device, with speeds to 15 ns 


New speeds to 15 ns 


New device, with speeds to 15 ns 


New speeds to 15 ns 


New speeds to 20 ns 


New device 
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pPD46710 


16,384 x 1o-Bit x 2 


Static BiCMOS RAM 


Description 


The /lPD46710 is a high performance 
static 
SiCMOS 


RAM organized as 16,384x 10bits x 2 instructions 
and 


designed for use as a high-speed cache memory. The 
/lPD46710 integrates two 16,384 x 10-bit SRAM cores 
with associated 
address latches and control 
signals 


that can be used to implement an instruction/data 
cache for a MIPS R3000 RISCsystem. 


o Fast access times of 15 ns and 20 ns 
o 16,384x 10-bit x 2 organization 
o On-chip address latches 
o On-chip instruction/data 
caches 


o Fully static read/write operation 
o 52-pin PLCC packaging 


Package 


52-pin PLCC 
IlPD46710LN-15 


LN-20 


15 ns 


20 ns 


Pin Identification 


Symbol 


Ao -A'3 


ALEo' 
ALE, 


00- 09 


LeE, LCE 


OEo' OE, 


WEo'WE, 


Vcc 


Vss 


NC 


Function 


Addresses 


Address latch enable 


Data inputs/outputs 


Latch chip enable 


Output enable 


Write enable 


5-volt power supply 


Ground 


No connection 


Pin Configuration 


52-PinPLCC 


~ w ~ v 
~ 
N 
~ 
N 
_ 
0 
~ 
~ 
~ 
l.l) IJ) 
I.l) v 
v 
v 
46 


45 


44 


43 


42 


41 


~PD46710 
40 


39 


38 


37 


36 


35 


34 
~ 


II 
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Read 
I 
Write 
Control 


Read I 
Write 
Control 
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pPD46741 


8,192 x 2G-Bit x 2 
Static BiCMOS RAM 


Description 


The pPD46741 is a high performance 
SiCMOS static 


RAM organized as 8,192x 20 bits x 2 instructions 
and 


designed to be used as a high-speed cache memory. 
The pPD46741 integrates two 8,192x 20-bit SRAM cores 
with associated 
address latches and control 
signals 


that can be used to implement an instruction/data 
cache for a MIPS R3000 RISCsystem. 


o Fast access times of 15 ns and 20 ns 
o 8,192x 20-bit x 2 organization 
o On-chip address latches 
o On-chip instruction/data 
caches 


o Fully static read/write operation 
o 68-pin PLCC packaging 


Pin Configuration 


68-PinPLCC 


Part Number 


IJPD46741 
LP-15 


LP-20 


Package 


68-pin 
PLCC 
15 ns 


20 ns 


Pin Identification 


Symbol 


Ao-A12 


ALEo - ALE1 


Do - D19 


LCE, LCE 


OEo- 0E1 
WEo-WE1 


Vcc 


VCCQ 


Vss 


VSSQ 


NC 


Function 


Addresses 


Address latch enable 


Data inputs/outputs 


Latch chip enable 


Output 
enable 


Write enable 
+5-valt power supply 
+5-valt power supply 


Ground 


Ground 


Vcc 
10 


Vss 
" 
00 
12 


01 
13 


02 
14 


Vss Q 
15 


VccQ 
16 


03 
17 


04 
18 


Vss Q 
19 


05 
20 


06 
21 


Vcc Q 
22 


Vss 
Q 
23 
07 
24 


08 
25 


09 
26 


60 
Vcc 


59 
VSS 


58 
019 


57 
018 


56 
017 


55 
Vss Q 


54 
VccQ 


53 
016 


52 
015 


51 
VssQ 


50 
014 


49 
013 


48 
VccQ 


47 
Vss Q 


46 
012 


45 
011 


44 
010 


Read I 
Write 
Control 


Read I 
Write 
Control 
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pPD4361 


65,536 x 1·81t 


Static CMOS RAM 


Description 


The I4PD4361 is a 65,536-word by 1-bit static 
RAM 


fabricated 
with 
advanced 
silicon-gate 
technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon 
resistors make the I4PD4361a high- 


speed device that requires very low power and no clock 
or refreshing. 


The device is packaged in a 22-pin plastic DIPand 22-pin 
ceramic leadless chip carrier and has two types of 
access times, address and chip select. In addition, the 
I4PD4361C-L features low-power data retention. 


Features 


o 65,536 x 1-bit organization 
o Single +5-volt power supply 
o Fully static operation-no 
clock or refreshing 


o TTL-compatible inputs and outputs 
o Separated data input and output 
o Three-state outputs 
o Data retention current of 50 I4Amax available from 


-L versions only 
o Standard 22-pin plastic DIP and ceramic LCC 
o Standard JEDEC pin configurations 


Part Number 
Access 
Time (max) 


"PD4361 G-45 
45ns 


G-55 
55ns 


C·7o 
70ns 


"PD4361 G-45L 
45ns 


G-55L 
55 ns 


G-7oL 
70ns 


"PD4361K·4o 
40 ns 


K·45 
45 ns 


K·55 
55 ns 


Package 


22·pin plastic DIP 


Pin Configurations 


22-Pin Plastic DIP 


AC 


Al 


A2 


A3 


A4 
AS 


A6 


A7 


DOUT 


WE 


GND 


Pin Identification 


Symbol 


Ao·A1S 


DIN 


DOUT 
~ 


WE 


GND 


Vcc 


Function 


Address Inputs 


Data Input 


Data output 


Chip select 


Write enable 


Ground 


+5-volt 
power supply 


II 
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Absolute 
Maximum Ratings 


Supply voltage, Vcc 


Input voltage, V1N(Note 1) 


Operating 
temperature, 
TOPR(Note 2) 


Storage temperature, 
TsrG (Note 3) 


Power dissipation, 
Po 


-0.5 
to +7.0V 


- 0.5 to +7.0 V 
o to +7000 


- 55 to + 125°0 


1.0W 


Exposure 
to Absolute 
Maximum 
Ratings for extended 
periods 
may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits specified 
under DO and AO Charac1erlstlcs. 


Note.: 


(1) VIN = -3.0 V minimum 
for 20 ns maximum 
pulse. 


(2) TOPR for 4361 K = -10 to +85°0. 


(3) TSTG for 4361 K = -65 to + 15000. 


Truth Table 


Function 
CS 
WE 
Input/Output 
lee 


Not selec1ed 
H 
X 
Hlgh-Z 
Standby 


Read 
L 
H 
DoUT 
Active 


Write 
L 
L 
Hlgh-Z 
Active 


Input 
Data 
Control 


Recommended 
Operating Conditions 


P.r.meter 
Symbcl 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, high 
V1H 
2.2 
Vcc 
+ 0.5 
V 


Input voltage, low 
V1L 
-0.5 
0.8 
V 


Operating 
temperature 
TA 
0 
70 
"C 


Note.: 


(1) VIL = -3.0 V minimum 
lor 20 ns maximum 
pulse. 


Capacitance 
TA = 25°0; I = 1 MHz; VIN and VOUT = 0 V (Note 1) 


P.r.meter 
Symbol 
Mln 
Typ 
Max 


Input capacitance 
OIN 
5 


Output capacitance 
0DOUT 
7 


Note.: 


(1) This parameter Is sampled and not 100% tested. 


Memory Cell 
Array 
256 Rows 


x 256 Columns 


OUtput 


Data 
Control 


NEe 
IIPD4361 


DC Characteristics 
TA = Oto 
+70·C;Vcc 
= +5.0V± 
10% 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Input leakage current 
III 
-2 
2 
/IA 
VIN = OVtoVCC 


Output 
leakage current 
ILO 
-2 
2 
/IA 
VOUT = OVto 
VCC; ~ 
= VIH 


Operating 
supply current 
Icc 
120 
mA 
~ 
= VIL; IOOUT = 0 mA 


Standby 
supply current 
IS8 
20 
mA 
~=VIH 


IS81 
2 
mA 
~ 
., VCC- 
0.2 V; VIN s 0.2 Vor 
., VCC- 
0.2 V 


Output 
voltage, low 
VOL 
0.4 
V 
IOL = a.OmA 


Output 
voltage, high 
VOH 
2.4 
V 
IOH = -4.0mA 


AC Characteristics 
TA = Oto 
+700C;Vcc 
= +5.0V± 
10% 


"PD4361-40 
"PD4361-45 
"PD4361-55 
"PD4361-70 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 
UnIt 
Test Conditions 


Read Operation 


Read cycle time 
tRC 
40 
45 
55 
70 
ns 
(Note 2) 


Address access time 
tAA 
40 
45 
55 
70 
ns 


Chip select access time 
tACS 
40 
45 
55 
70 
ns 


Output 
hold from address change 
tOH 
5 
5 
5 
5 
ns 


Chip select to output 
in low-Z 
tLZ 
5 
5 
5 
5 
ns 
(Note 3) 


Chip deselect to output in hlgh-Z 
tHZ 
0 
22 
0 
25 
0 
30 
0 
30 
ns 
(Note 4) 


Chip select to power-up time 
tpu 
0 
0 
0 
0 
ns 


Chip deselect to power-down time 
tpo 
0 
27 
0 
30 
0 
40 
0 
40 
ns 


Write Operation 


Write cycle time 
twc 
40 
45 
55 
70 
ns 
(Note 2) 


Chip select to end of write 
tcw 
37 
40 
50 
60 
ns 


Address valid to end of write 
tAW 
37 
40 
50 
60 
ns 


Address setup time 
tAS 
0 
0 
0 
0 
ns 


Write pulse width 
twP 
23 
25 
30 
40 
ns 


Write recovery time 
tWR 
0 
0 
0 
0 
ns 


Data valid to end of write 
tow 
23 
25 
25 
30 
ns 


Data hold time 
tOH 
0 
0 
0 
0 
ns 


Write enable to output 
In hlgh-Z 
twz 
0 
22 
0 
25 
0 
25 
0 
30 
ns 
(Note 4) 


Output 
active from end of write 
tow 
0 
0 
0 
0 
ns 
(Note3) 


Notes: 


(1) Input pulse levels = GND to 3.0 V; Input pulse rise and fall times 


= 5 ns; timing 
reference levels = 1.5 V; see figures 
1 and 2 for 


output 
load. 


(2) All read cycle timings are referenced from the last valid address to 


the first transitionlng 
address. 


(3) Transition 
Is measured 
at ±200 mV from steady-state 
voltage 


with the loading shown In figure 2. 


(4) Transition 
Is measured at VOL + 200 mV and VOH -200 
mVwlth 


the loading shown In figure 2. 


Low Vcc 
Data Retention Characteristics 
(for -L Version Only) 
TA = Oto 7rY'C 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


V 
Data retention 
supply voltage 
VCCOR 
2.0 
5.5 


Data retention 
supply 
current 
ICCOR 
50 


Chip deselect to data retention 
!cOR 
0 


Operation 
recovery time 
IR 
IRc 


Data Retention 
Timing 


Test Conditions 


~ 
•• VCC - 0.2 V; VIN •• VCC - 0.2 V or 


OV s VIN S 0.2V 


VCC = 3.0 V; ~ 
•• Vcc-0.2V; 


VIN" 
Vcc-0.2VorOV 
s VIN s 0.2V 


SV 


4.SV 
- 
- 


VIH 
- 


VCCOR - 


VIL 
= 
-------------------------------- 


NEe 


SV 


4800 


DOUT 


2550 
3OpF' 


-= 


·Including 
Sc:qJe and Jig 


831H-Sn3B 


II 


NEe 


Timing waveforms 


Addrus 
Access Cycle 
t 


lAC 


Address -- 
:=~ 
-=-=tOl-l=--=,---- 


Notes: 


[1] WE Is held high for a read cycle. 


[2J The device Is continually 
selected, where CS = VIL. 


CS~1====-_tLZ -,,~~~. 
f:j 


High 


Impedance 


Notes: 


[1J WE Is held high for a read cycle. 


[2J Address 
valid prior to or c:oinddent 
with the low transition 
of CS. 


t-IEC 


Timing Waveforms 
(cont) 


WE-Controlled 
Write Cycle 


tAW 


tew 


Notes: 


(1J Cs or WE must be high during address transition. 


(2J If Cs and WE go high simultaneously. 
the outputs remain in high impedance. 


I--tow4_ 


High Impedance ~-/;;-7/;;-7;;-/! 


II 


IWC------------t 
: ,w,j--------- 


Timing Waveforms 
(cant) 


CS-Controlled 
Write Cycle 


Notes: 


[1) Cs or WE must be high during address transition. 


ttt{EC 
NEe Electronics Inc. 


pPD4362 


16,362 x 4·Bit 


Static CMOS RAM 


Description 


The ~PD4362 is a 16.384-word by 4-bit static 
RAM 


fabricated 
with 
advanced silicon-gate technology. A 


unique design using CMOS peripheral circuits and N- 
channel memory cells with polysilicon resistors makes 
the ~PD4362 a high-speed device that requires very low 
power and no clock or refreshing. 


The ~PD4362 is packaged in a standard 22-pin plastic 
DIP. 


Features 


o Single +5-volt power supply 
o Fully static operation-no 
clock or refreshing 


o TTL-compatible inputs and outputs 
o Common I/O capability 
o Standard 300-mil, 22-pin plastic DIP packaging 


Part Number 


"PD43620-45 


0-55 


0-70 


Access 
Time (max) 


45ns 


55 ns 


70ns 


Package 


22-pln plastic DIP 


Pin Configuration 


22-Pin PI•• tic DIP 


Pin Identification 


Symbol 


Ao-AI3 


1/01-1/04 


C"S 


WE 


GND 


Vcc 


Function 


Address Inputs 


Data Inputs and outputs 


Chip select 


Write enable 


Ground 


+5-volt 
power supply 
II 


NEe 


Absolute Maximum Ratings 


Supply voltage, Vcc 


Input and output 
voltages, VIN (Note 1) 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTO 


Power dissipation, 
Po 


-0.5to 
+7.0 V 


-0.5to 
+7.0V 
o to +70'C 


- 55 to + 125'C 


1.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Notea: 


(1) V1N = -3.0 V for 20 ns pulse. 


Truth Table 


Function 
CE 
WE 


Not selected 
H 
X 


Read 
L 
H 


Write 
L 
L 


Notea: 


(1) X = don1 care. 


Block Diagram 


Input/Output 


High-Z 


DOUT 


DIN 


lee 


Standby 


Active 


Active 


Capacitance 
TA = 25'C; f = 1 MHz (Note 1); V1Nand VOOUT = 0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 


Input capacitance 
CIN 
5 


Output 
capacitance 
COOUT 
7 


Notea: 


(1) This parameter 
Is sampled and not 100'll>tested. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
UnIt 


Supply voltage 
VCC 
4.5 
5.0 
5.5 
V 


Input voltage, high 
VIH 
2.2 
VCC + 0.3 
V 


Input voltage, low 
VIL 
-0.5 
0.8 
V 


Operating 
temperature 
TA 
0 
70 
'C 


Notea: 


(1) VIL = -3.0 V for 20 ns pulse. 


Memory Cell Array 
256 Rows 
64 x 4 Columns 


Input 
Data 
Control 


Output 
Data 
Control 


NEe 


DC Characteristics 
TA = 0 to +70"C; vee 
= 
+5.0V 
± 10% 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Input leakage current 
III 
-2 
2 
p.A 
VIN = OVto 
Vee: Vee 
= max 


Output 
leakage current 
ILO 
-2 
2 
p.A 
VOUT = OVtoVee;~ 
= VIH;Vee 
= max 


Operating 
supply current 
Ice 
90 
mA 
~ 
= Vil': IOOUT = OmA 


Standby 
supply current 
I5B 
20 
mA 
~=V1H 


I5Bl 
2 
mA 
~"" 
Vee-0.2V;VIN 
s 0.2Vor"" 
Vee-0.2V 


Output voltage, low 
VOL 
0.4 
V 
IOL = 8.0mA 


Output voltage, high 
VOH 
2.4 
V 
IOH = -4.0mA 


AC Characteristics 
TA = 0 to +70"C; Vee 
= 
+5.0 v:!: 
10% 


"PD4362-45 
"PD4362-55 
"PD4362-70 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Read Operation 


Read cycle time 
tAe 
45 
55 
70 
ns 
(Note 2) 


Address access time 
tAA 
45 
55 
70 
ns 


Chip selection 
access time 
tACS 
45 
55 
70 
ns 


Output 
hold from address change 
tOH 
5 
5 
5 
ns 


Chip selection to output to low-Z 
tLZ 
5 
5 
5 
ns 
(Note 3) 


Chip deselection 
to output to hlgh-Z 
tHZ 
0 
25 
0 
25 
0 
30 
ns 
(Note 4) 


Chip selection 
to power-up time 
tpu 
0 
0 
0 
ns 


Chip deselectlon 
to power·down 
time 
tpo 
0 
45 
0 
55 
0 
55 
ns 
II 


Write Operation 


Write cycle time 
twe 
45 
55 
70 
ns 
(Note 2) 


Chip selection 
to end of write 
tew 
40 
50 
60 
ns 


Address valid to end of write 
tAW 
40 
50 
60 
ns 


Address setup time 
tA5 
0 
0 
0 
ns 


Write pulse width 
twP 
40 
50 
60 
ns 


Write recovery time 
tWA 
0 
0 
0 
ns 


Data valid to end of write 
tow 
20 
25 
30 
ns 


Data hold time 
tOH 
0 
0 
0 
ns 


Write enable to output 
In hlgh-Z 
twz 
0 
20 
0 
25 
0 
30 
ns 
(Note 4) 


Output 
active from end of write 
tow 
0 
0 
0 
ns 
(Note3) 


Notes: 


(1) Input pulse levels = GND to 3.0 V; Input pulse rise and fali times 
(3) Transition 
Is measured 
at ±200 mV from steady-state 
voltage 


= 5 ns; timing 
reference levels = 1.5 V; see figures 
t and 2 for 
with the loading shown In figure 2. 


output 
load. 
(4) Transition 
Is measured at VOL + 200 mV and VOH - 200 mV with 
(2) All read cycle timings are referenced from the last valid address to 
the loading shown In figure 2. 


the first transltloning 
address. 


Figure 1. 
Output Load 


SV 


4800 


DOUT 


2550 
lSPF. 
1 


·lncluding Scope and Jig 


831H·4831A 


Timing Waveforms 


Addreu 
Acceu 
Cycle 
t 


tRC 


Address 


-- 
:=--=-=tOH=--=---- 


Notes: 


[1J WE is held high for a read cycle. 


[2J The device is continually 
selected, where Cs = V fl. 


Data Valid 
High 


Impedance II 
I· 
tPD L 


831H-6252B 


VCC 


Supply 
Current 


Notes: 


[1IWE is held high for a read cycle. 


[2J Address 
Is valid prior to or coincident 
with the low transition 
of CS. 


NEe 


Timing waveforms 
(cont) 


WE-Controlled 
Write Cycle 


lAW 


tew 


Notes: 


(1) CS or WE must be high during address transition. 


~towl_ 


High Impedance ~~72~IIZ~//;;-2 


NEe 


Timing Waveforms 
(cant) 


CS-Controlled 
Write Cycle 


Address 
f 
-fEtAS~lo( 


twc 
~ 


tAW-------~: 
..~'W~:f~------- 


tcw 
I 


Notes: 


[1] Cs or WE must be high during address transition. 


ttlEC 
NEe Electronics Inc. 


pPD4363 


16,364 x 4·Bit 


Static CMOS RAM 


Description 


The J.l.PD4363is a 16,384-word by 4-bit static 
RAM 


fabricated 
with 
advanced silicon-gate technology. A 


unique design using CMOS peripheral circuits and N- 
channel memory cells with polysilicon resistors makes 
the J.l.PD4363a high-speed device that requires very low 
power and no clock or refreshing. 


The J.l.PD4363is packaged in a standard 300-mil, 24-pin 
plastic DIP. 


Features 


o Single +5-volt power supply 
o Fully static operation-no 
clock or refreshing 


o TTL-compatible inputs and outputs 
o Common I/O capability 
o OE eliminates the need for external bus buffers 
o Three-state outputs 
o Low power dissipation 


- 90 mA max (active) 
- 2 mA max (standby) 


o Standard 300-mil, 24-pin plastic DIP packaging 


Ordering Information 


Part Number 
Access Time (max) 
Package 


24-pln plastic DIP 
folPD4363C-45 


C-55 


C-70 


45ns 


55ns 


70ns 


Pin Configuration 


24·Pin Plastic DIP 


Pin Identification 


Symbol 


Ao .A13 


11°1.1/°4 
~ 
m: 


WE 


GND 


Vcc 


NC 


Function 


Address Inputs 


Data Inputs and outputs 


Chip select 


Output 
enable 


Write enable 


Ground 


+5·volt 
power supply 


No connection 


ttlEC 


Absolute Maximum Ratings 


Supply voltage, Vcc 


Input and output voltages, VIN (Note 1) 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTa 


Power dissipation, 
Po 


-0.5 
to +7.0 V 


-0.5 
to +7.0 V 


Oto 
+70"C 


-55 
to +125'C 


1.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


Notes: 


(1) VIN (mln) = -3.0 V for 20 ns pulse. 


Capacitance 
TA = 25'C; f = 1 MHz; V1Nand VOUT = 0 V (Note 1) 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CIN 
5 
pF 


Output 
capacitance 
COOUT 
7 
pF 


Notes: 


(1) This parameter 
is sampled 
and not 100% tested. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, high 
V1H 
2.2 
Vcc 
+ 0.3 
V 


Input voltage, low 
V1L 
- 0.5 
0.8 
V 


Operating 
TA 
0 
70 
'C 


temperature 


Notos: 


(1) V1L= -3.0 V for 20 ns pulse. 


Truth Table 


Function 
CS 
WE 
OE 
Input/Output 
lee 


Not selected 
H 
X 
X 
Hlgh-Z 
Standby 


Read 
L 
H 
L 
DOUT 
Active 


DOUT disabled 
L 
H 
H 
Hlgh-Z 
Active 


Write 
L 
L 
X 
DIN 
Active 


ttiEC 


Input 
Data 
Control 


Output 


Data 
Control 


Memory Cell Array 
256 Rows 
64 x 4 Columns 


II 


DC Characteristics 
TA = Oto 
+70"C; vee 
= +5.0V 
± 10% 


Parameter 
Symbol 
Mln 


Input leakage current 
III 
-2 


Output 
leakage current 
ILO 
-2 


Typ 
Max 
Unit 
Test Conditions 


2 
p.A 
VIN = OVto 
Vee; Vee = max 


2 
p.A 
VOUT = 0 V to Vee; 
"CS or OE = VIH; Vee = max 


90 
mA 
"CS = V1L;IOOUT = 0 mA 


20 
mA 
"CS = VIH 


2 
mA 
"CS = Vee - 0.2 V; VIN S 0.2 V or '" Vee - 0.2 V 


0.4 
V 
IOL = a.OmA 


V 
IOH = -4.0mA 


Operating 
supply current 


Standby 
supply 
current 


Output 
voltage, low 


Output 
voltage, high 


AC Characteristics 
TA = 0 to +70"C; Vee 
= +5.0V 
± 10,*, 


Parameter 
Symbol 


Read Operation 


Read cycle time 
tRe 


Address access time 
tAA 


Chip select access time 
tACS 


Output 
hold from address change 
tOH 


Chip select to output 
in Iow-Z 
lLz 


Chip deselect to output 
in hlgh-Z 
tHZ 


Output 
enable access time 
tOE 


Output 
enable to output 
In low-Z 
tOLZ 


Output 
disable to output 
In hlgh-Z 
tOHZ 


Chip select to power-up time 
tpu 


Chip deselect to power-down time 
tpo 


Write Operation 


Write cycle time 
twe 


Chip select to end of write 
tew 


Address valid to end of write 
tAW 


Address setup time 
tAS 


Write pulse width 
twP 


Write recovery time 
tWR 


Data valid to end of write 
tow 


Data hold time 
tOH 


Write enable to output 
In high-Z 
twz 


Output 
active from end of write 
tON 


Notes: 


"PD4363-45 


Mln 
Max 


"PD4363-55 


Mln 
Max 


"PD4363-70 


Mln 
Max 


(Note 3) 


(Note 4) 


(Note 3) 


(Note 4) 


(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall times 
= 5 ns; timing 
reference levels = 1.5 V; see figures 
1 and 2 for 
output 
load. 


(2) All read and write cycle timings 
are referenced from the last valid 
address to the first transitionlng 
address. 


(Note 4) 


(Note 3) 


(3) Transition 
is measured 
at ±200 mV from steady-state 
voltage 


with the loading shown in figure 2. 


(4) Transition 
is measured at VOL + 200 mV and VOH- 200 mV with 


the loading shown in figure 2. 


NEe 


Figure 2. 
Output 
Lo.d 
for tHZ, tLZ, tOHZ, tOLZ, twz, .nd tow 


5V 


tt1EC 


Timing Waveforms 
(cont) 


Addreu 
Acceu 
Cycle 


Address __ 
~t=========Ad=d:~S=: 
v=alid========*========== 
_l==-~tOH_t~~ 
~_ 


Dour 
Previous Data Valid 
Data Valid 
----------------_~ 
~_--------------- 


Notes: 
[lJWEis heldhighfora read cycle. 
[2]The deviceiscontinuallyselected, where Cs ~ OE = VIL. 


DataValid 
High 
I 
Impedance 
~,~J~--I.-tP-D~l 


Vcc 
Supply 


Current 


Notes: 
[1JWEis heldhighfora read cycle. 


[2J Address 
valid prior to or coincident 
with the low transition of CS. 


[3] OE = VIL. 


NEe 


Timing Waveforms 
(cant) 


'liE-Controlled Access Cycle 


Address 
t~~~~~~~~~~~~~~~~~~~~A~d~d~r:~sc~s 
~Va~I~ld~~~~~~~~~~~~~~~~~~=~~~~~~~~~~~~~~~~~~~~~~~~= 
tl---------tAA 
.! 


Notes: 


[1J WE Is held high for a read cycle. 


[2J The device is continually 
selected, where CS = V IL. 


Notes: 


[11 CS or WE must be high during address transition. 


[2J If OE Is high, the va pins remain in high impedance. 


[3J During this period, the va pins may be active (OE low). Therefore, 
data 
input signals 
of opposite 
polarity to the outputs 
must not be applied. 


II 


Timing Waveforms (cant) 


CS-Controlled 
Write Cycle 


twc-------------~ 


tAW 
: .J'---------- 


tcw 
- 


Notes: 


11J CS or WE must be high during address transition. 


[21 
If 6E Is high, the VO pins remain in high impedance. 


[3J During ll1is period,ll1e 
VO pins may be active (CE low). Therefore, 
data 


Input signals 
of opposite 
polarity to the outputs 
must not be applied. 


t-fEC 
NEe Electronics Inc. 


pPD43251 


262,144 x 1·Bit 


Static CMOS RAM 


Description 


The ~PD43251 is a 262,144-word by 1-bit static RAM 
fabricated 
with 
advanced silicon-gate technology. A 


unique design that uses CMOS peripheral circuits and 
N-channel 
memory 
cells 
with 
polysilicon 
resistors 


makes the ~PD43251 a high-speed device that requires 
no clock or refreshing. The ~PD43251 is available in 
24-pin plastic DIP or 24-pin plastic SOJ packaging. 


Features 


o 262,144-wordx 1-bit organization 
o Single +5-volt power supply 
o Fully static operation-no 
clock or refreshing 


required 
o TTL-compatible inputs and outputs 
o Separated data input and output 
o Three-state outputs 
o Power dissipation 
- 
100mA max (active) 


- 2 mA max (standby) 


o Standard 300-mil, 24-pin plastic DIP or plastic SOJ 


packaging 


Access 


Part Number 
Time (max) 
Package 


"PD432510.35 
35ns 
24-pin plastic DIP 


0.45 
45ns 


0.55 
55ns 


"PD43251 LA-35 
35ns 
24-pin plastic SOJ 


LA-45 
45ns 


LA-55 
55ns 


Pin Configuration 


24-Pin Plastic 
DIP or SOJ 


Symbol 
Function 


Ao·A17 
Address Inputs 


DIN 
Data Input 


DOUT 
Data output 


C"S 
Chip select 


WE 
Write enable 


GND 
Ground 


Vcc 
+5·volt 
power supply 


AO 


Al 


A2 
AS 


A4 
As 
As 


A7 
AS 


DOUT 
WE 


GND 


II 


NEe 


Absolute Maximum Ratings 


Power supply voltage, Vcc 


Input voltage, \IN (Note 1) 


Output voltage, VOUT 


Operating temperature, 
TOPR 


Storage temperature, 
TSTG 


-0.5 to +7.0 V 


-0.5 to +7.0 V 


-0.5 to +7.0 V 


Oto 
+70"C 


-55 to + 125·C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


Notea: 


(1) \IN = - 3.0 V mln for 20 ns maximum 
pulse. 


Truth Table 


CS 
WE 
Function 
DOUT 
Ice 


H 
X 
Not selected 
High-Z 
Standby 


L 
H 
Read 
Output 
data 
Active 


L 
L 
Write 
Hlgh-Z 
Active 


Input 
Data 
Control 


Capacitance 
TA = +25·C; f = 1 MHz (Note 1); VIN and VOUT = OV 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CI 
6 
pF 


Output 
capacitance 
Co 
8 
pF 


Notea: 


(1) This parameter 
is sampled 
and not 100% tested. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, low 
\lL 
- 0.5 
0.8 
V 


(Note 1) 


Input voltage, high 
\lH 
2.2 
Vcc 
+ 0.3 
V 


Ambient temperature 
TA 
0 
70 
·C 


Notea: 


(1) \lL = - 3.0 V mln for 20 ns maximum 
pulse. 


~vcc 


~GND 


Memory Cell Array 


256 Rows 
1024 Columns 


Output 


Data 


Control 


NEe 
IlPD43251 


DC Characteristics 
TA = Oto 
+70·C; 
vcc = 
+5.0V 
± 10% 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test CondItions 


Input leakage current 
III 
-2 
2 
p.A 
\IN = 0 V to Vcc 


Output 
leakage current 
ILO 
-2 
2 
p.A 
VOUT = OVto 
Vcc; ~ 
= VIH 


Operating 
supply 
current 
Icc 
100 
mA 
~ 
= \k; lOUT = OmA 


Standby 
supply current 
19B 
30 
mA 
~ 
= \lH; \IN = \lH or \lL 


ISB1 
2 
mA 
~ 
" 
Vcc - 0.2 V; VIN :s;0.2 V or " 
Vcc - 0.2 V 


Outpul 
voltage, low 
VOL 
0.4 
V 
IOL = a.OmA 


Output voltage, high 
VOH 
2.4 
V 
IOH = -4.0 
mA 


AC Characteristics 
TA = Oto 
+700C; vcc = 
+5.0V 
± 10% 


IlPD43251·35 
"PD43251·45 
IlPD43251·55 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 
(Note 1) 


Relld Operation 


Read cycle time 
tRC 
35 
45 
55 
ns 
(Note 2) 


Read access time 
tM 
35 
45 
55 
ns 


Chip select access time 
tACS 
35 
45 
55 
ns 


Output 
hold from address change 
tOH 
5 
5 
5 
ns 


Chip select to outpulln 
low-Z 
tCLZ 
5 
5 
5 
ns 
(Note 3) 


Chip deselect to output 
In hlgh-Z 
tCHZ 
0 
15 
0 
20 
0 
25 
ns 
(Note 4) 


Write Operlltlon 


Write cycle time 
twc 
35 
. 45 
55 
ns 
(Note 2) 
II 


Chip select to end of write 
tcw 
30 
40 
50 
ns 


Address valid to end of write 
tAW 
30 
40 
50 
na 


Address setup time 
tAS 
0 
0 
0 
na 


Write pulse width 
twP 
25 
35 
45 
na 


Write recovery time 
tWR 
0 
0 
0 
na 


Data valid to end of write 
tow 
15 
20 
25 
ns 


Data hold time 
tOH 
0 
0 
0 
na 


Write enable to output 
In high-Z 
tWHZ 
0 
15 
0 
20 
0 
25 
na 
(Note 4) 


Output 
active from end of write 
too 
0 
0 
0 
ns 
(Note 3) 


Notes: 


(1) Input pulse levels = GND to 3.0 V; Input pulse rise and fall time 


= 5 ns; timing 
reference levela = 1.5 V; see figures 1 and 2 for the 


output 
load. 


(2) All read and write cycle timings 
are referenced from the last valid 


address to the first transltloning 
address. 


(3) The tranaltion 
Is measured 
±200 mV from steady-atate 
voltage 


with the loading shown In figure 2. 


(4) The transition 
is measured at VOL + 200 mV and VOH - 200 mV 


with the loading shown In figure 2. 


Figure f. 
Output Load 


T 
30PF 


• 
L------'l 


Figure 2. 
Output Load for tCHZ.tCLZ. to. 
and tWHZ 


T5PF• 
'-----4 


~ 


NEe 


Timing Waveforms 


Address Access Cycle 


~ 


tRe 


Address 


-- 
:=~ --=-=.tOH=--=---- 


Notes: 


[1) WE is held high for a read cycle. 


[2J The device is continually 
selected, 
where Cs ~ VIL. 


High-Z 
_________ 
Data Valid 
_ 


Not •• : 


[1) WE is held high for a read cycle. 


[2) Address 
valid prior to or coincident 
with the low transition 
of Cs. 
II 


ttiEC 


Timing Waveforms 
(cont) 


WE-Controlled 
Write Cycle 


Notes: 


[1] CS or WE must be high during address transition. 


[2] A write cycle occurs during the overlap of a low CS and a low WE. 
(3] tWR is measured 
between CS or WE, whichever 
rising edge occurs first, and the end of two 


NEe 


Timing Waveforms 
(cont) 


CS-Controlled 
Write Cycle 


Notes: 


[1] CS or WE must be high during address transition. 


[2] A write cycle occurs during the overlap of a low CS and a low WE. 
(3) tWR Is measured 
between CS or WE, whichever 
rising edge occurs first, and the end of twc 
II 


t-IEC 
NEe Electronics Inc. 


pPD46251 


262,144 x 1·Bit 


Static BiCMOS RAM 


Description 


The p.PD46251is a 262,144x 1-bit static RAMfeaturing a 
fast access time made possible by ultra-high-speed 
SiCMOS technology. Fully static operation r~uires 
no 


external clock or refreshing. A chip select (CS) power 
down function guarantees low power consumption of 10 
mA while the device is in standby. 


The p.PD46251is packaged in a 24-pin plastic SOJ. 


Features 


o Fast access times of 20 and 25 ns maximum 
o Single +5-volt power supply 
o Fully static operation-no 
clock or refreshing 


o TTL-compatible inputs and outputs 
o Separated data input and output 
o Three-state outputs 
o Low power dissipation 


- 
140 mA max (active) 


- 
10 mA max (standby) 


o Standard 24-pin plastic SOJ packaging 


Part Number 


"PD46251 LA·20 


LA·25 


Acce •• 
Time (max) 


20 ns 


25 ns 


Package 


24-pln plastic SOJ 


Pin Configuration 


24-Pln PI•• tlc SOJ 


AO 


A1 


A2 


A3 


A4 
AS 


A6 


A7 
As 


DOUT 


WE 
GND 


Symbol 


Ao -A17 


DIN 


DoUT 
~ 


WE 


GND 


Vcc 


Function 


Address Inputs 


Data Input 


Data output 


Chip select 


Write enable 


Ground 


+5-volt 
power supply 
II 


t-IEC 


Absolute Maximum Ratings 


Power supply voltage, Vcc 


Input voltage, VIN (Note 1) 


Output 
voltage, VOUT 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTO 


-0.5 
to +7.0 V 


-0.5 
to +7.0 V 


-0.5 
to +7.0 V 


Oto 
+700C 


-55to 
+125°C 


Exposure 
to Absolute 
Maximum 
Ratings for extended 
periods 
may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated within 
the limits specified 


under DC and AC Charac1erlstlcs. 


Note.: 


(1) ~N = - 3.0 V mln for a 20 ns maximum 
pulse. 


Truth Table 


Function 
'C"S 


Not selected 
H 


Read 
L 


Write 
L 


WE 
!>oUT 
lee 
x 
Hlgh-Z 
Standby 


H 
Output 
data 
Ac1lve 


L 
High-Z 
Ac1lve 


Input 
Data 


Control 


Capacitance 
TA = +25°C; f = 1 MHz (Note 1); VIN and VOUT = OV 


Parameter 
Symbol 
Mln 
Typ 
Max 


Input capacitance 
CIN 
6 


Output 
capacitance 
COUT 
8 


Notes: 


(1) This parameter 
Is sampled 
and not 100% tested. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, low 
~L 
-0.5 
0.8 
V 


Input voltage, high 
~H 
2.2 
Vcc 
+ 0.3 
V 


Operating 
temperatue 
TA 
0 
70 
°C 


Note.: 


(1) ~L = -3.0 
V mln for 20 ns maximum 
pulse. 


Memory Cell Array 


256 Rows 
1024 Columns 


Output 
Data 
Control 


NEe 


DC Characteristics 
TA = 0 to +70'C; 
Vee = +5.0 v:!: 
10,*, 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Input leakage current 
III 
-2 
2 
~ 
\'IN = 0 V to Vee; Vee = Vee (max) 


Output 
leakage current 
ILO 
-20 
20 
~ 
VOUT = 0 V to Vee; 'OS' = VIH; 
Vee = Vee (max) 


Operating 
supply current 
Ice 
140 
mA 
'OS' = \'Il; lOUT = 0 mA 


Standby 
supply current 
I5B 
40 
mA 
'OS' = \'IH; \'IN = \'IH or \'Il 


I5B1 
10 
mA 
'OS' = Vee - 0.2 V; VIN S 0.2 V or "" Vee - 0.2 V 


Output 
voltage, low 
VOL 
0.4 
V 
tOl = 8.0 mA 


Output voltage, high 
VOH 
2.4 
V 
IOH = -4.0 
mA 


AC Characteristics 
TA = 0 to +70'C; 
Vec = +5.0 v:!: 
10,*, 


IlPD46251-20 
IlPD46251-25 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Condltlona 
(Note 1) 


Rssd Opsrstlon 


Read cycle time 
tRe 
20 
25 
ns 
(Note 2) 


Address access time 
tAA 
20 
25 
ns 


Chip select access time 
tAC5 
20 
25 
ns 


Output 
hold from address change 
tOH 
3 
3 
ns 


Chip select to output 
in low-Z 
telz 
3 
3 
ns 
(Note 3) 


Chip deselect to output in high-Z 
teHz 
0 
10 
0 
13 
ns 
(Note 4) 


Writs Opsrstlon 
II 


Write cycle time 
twe 
20 
25 
ns 
(Note 2) 


Chip select to end of write 
tew 
17 
20 
ns 


Address valid to end of write 
tAW 
17 
20 
ns 


Address setup time 
tAS 
0 
0 
ns 


Write pulse width 
twP 
17 
20 
ns 


Write recovery time 
tWR 
3 
3 
ns 


Data valid to end of write 
tow 
12 
15 
ns 


Data hold time 
tOH 
0 
0 
ns 


Write enable to output in high-Z 
tWHZ 
0 
10 
0 
13 
ns 
(Note 4) 


Output 
active from end of write 
tow 
0 
0 
ns 
(Note 3) 


Notes: 


(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall time 
(3) The transition 
is measured 
:!:200 mV from steady-state 
voltage 
= 3 ns; timing 
reference levels = 1.5 V; see figures I and 2 forthe 
with the loading shown in figure 2. 
output 
load. 
(4) The transition 
is measured at VOL + 200 mV and VOH - 200 mV 


(2) All read and write cycle timings 
are referenced from the last valid 
with the loading shown in figure 2. 
address to the first transitioning 
address. 


t 


Add:~S: 
Valid 
b 
-------- 
====================-f-AA----------~----~t-tO-H--------- 


------f'OH 


Notes: 


[11WE Is held high for a read cycle. 


[2] The device is continually 
selected, where CS ~ V IL. 


Notes: 


[1) WE is held high for a read cyde. 


[2J Address 
valid prior to or coincident 
with the low transition 
of CS. 


t-lEC 


Timing waveforms 
(cant) 


WE-Controlled 
Write Cycle 


___ 
tWHZJ 


Data Undefined 
--------------------- 


Notes: 


[1JCs or WE must be high during address transition. 


[2J A write cycle occurs during the overlap of a low Cs and a low WE. 


[3J tWR is measured 
between Cs or WE, whichever 
rising edge occurs first, and the end of tWC' 


NEe 


Timing Waveforms (cent) 


CS-Controlled 
Write Cycle 


___ 
IWHZJ 


Data Undefined 
' 
---------------------- 


Notes: 


[1) CS or WE must be high during address transition. 


[2] A write cycle occurs during the overlap of a low CS and a low WE. 


[3} tWR is measured 
between CS or WE, whichever 
rising edge occurs first, and the end of tWC' 
II 


Description 


The pPD43254 is a 65,536-word by 4-bit static 
RAM 
fabricated 
with 
advanced 
silicon-gate 
technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon 
resistors make the pPD43254 a high- 
speed device that requires very low power and no clock 
or refreshing. 


The pPD43254 is available in standard 24-pin plastic 
DIP and SOJ packaging. 


Features 


o 65,536-word x 4-bit organization 
o Single + 5-volt power supply 
o Fully static operation-no 
clock or refreshing 


o TTL-compatible 
inputs and outputs 


o Common I/O capability 
o Low power dissipation 


-120 
mA max (active) 
- 
2 mA max (standby) 


o Standard 24-pin plastic DIP and SOJ packaging 


Part Number 
Access Time (max) 
Package 


/lPD43254e-35 
35 ns 
24-pin plastic DIP 


C-45 
45 ns 


e-55 
55 ns 


/lPD43254LA-35 
35 ns 
24-pin plastic SOJ 


LA-45 
45 ns 


LA-55 
55 ns 


Pin Identification 


Symbol 


Ao-At5 


VOt• 
V04 


CS 


WE 


GND 


vcc 


Function 


Address inputs 


Data inputs and outputs 


Chip select 


Write enable 


Ground 
+ 5-volt power supply 


III 


t-IEC 


Absolute Maximum Ratings 


Supply voltage, Vcc 


Input and output voltages, VIN (Note 1) 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTa 


Power dissipation, 
Po 


-0.5 
to +7.0 V 


-0.5 
to +7.0 V 
o to +70"C 


-55 
to +125°C 


1.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within the limits specified 


under DC and AC Characteristics. 


Notes: 


(1) VIN (mln) = -3.0 V for 20 ns pulse. 


Capacitance 
TA = 25°C; VIN and Voour 
= 0 V; f = 1 MHz (Note 1) 


Parameter 
Symbol 
Mln 
Max 


Input capacitance 
CIN 
6 


Output 
capacitance 
Coour 
8 


Notes: 


(t) 
This parameter 
Is sampled and not 100% tested. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, high 
V1H 
2.2 
Vcc 
+ 0.3 
V 


Input voltage, low 
V1L 
-0.5 
0.8 
V 


Operating temperature 
TA 
0 
70 
°C 


Notes: 


(1) VIL = -3.0 V for 20 ns pulse. 


Truth Table 


FunctIon 
CS 
WE 


Not selected 
H 
X 


Read 
L 
H 


Write 
L 
L 


Notes: 


(1) X = don1 care. 


lee 


Standby 


Active 


Active 


Input/Output 


High-Z 


Dour 


DIN 


t\fEC 


Memory 
Cell 
Array 
256 Rows 
256 x 4 Columns 


Input 
Data 
Control 


Output 
Data 
Control 


II 


DC Characteristics 
TA = 0 to +70"C; vee 
= +5.0 V:I: 
10,*, 


Parameter 
Symbol 
Mln 
Typ 
Max 
UnIt 
Te.t 
Condltlona 


Input leakage current 
ILl 
-2 
2 
r.lA 
VIN = OVtoVee 


Output 
leakage current 
ILO 
-2 
2 
r.lA 
VOUT = 0 V to Vee; US" = VIH 


Operating 
supply current 
lee 
120 
mA 
US" = VIU IOOUT = 0 mA 


Standby 
supply current 
ISB 
30 
mA 
US" = VIH 


ISBl 
2 
mA 
US" •• Vee - 0.2 V; VIN S 0.2 V or •• Vee - 0.2 V 


Output voltage, low 
VOL 
0.4 
V 
IOL = a.OmA 


Output 
voltage, high 
VOH 
2.4 
V 
IOH = -4.0mA 


AC Characteristics 
TA = 0 to +70"C; Vee = +5.0 V :I: 10,*, 


"PD43254-35 
"PD43254-45 
"PD43254-55 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
UnIt 
Te.t ConditIon. 


Resd Operstlon 


Read cycle time 
tRe 
35 
45 
55 
ns 
(Note 2) 


Address access time 
tM 
35 
45 
55 
ns 


Chip select access time 
tACS 
35 
45 
55 
ns 


Output 
hold from address change 
tOH 
5 
5 
5 
ns 


Chip selection to output 
In Iow-Z 
'eLZ 
5 
5 
5 
ns 
(Note 3) 


Chip deselect Ion to output 
In hlgh·Z 
teHz 
0 
15 
0 
20 
0 
25 
ns 
(Note 4) 


Write Operstlon 


Write cycle time 
twe 
35 
45 
55 
ns 
(Note 2) 


Chip select to end of write 
tew 
30 
40 
50 
ns 


Address valid to end of write 
tAW 
30 
40 
50 
ns 


Address setup time 
tAS 
0 
0 
0 
ns 


Write pulse width 
twP 
30 
40 
50 
ns 


Write recovery time 
tWR 
0 
0 
0 
ns 


Data valid to end of write 
tow 
15 
20 
25 
ns 


Data hold time 
toH 
0 
0 
0 
ns 


Write enable to output 
In hlgh-Z 
tWHZ 
0 
15 
0 
20 
0 
25 
ns 
(Note 4) 


Output 
active from end of write 
tow 
0 
0 
0 
ns 
(Note 3) 


Note.: 


(1) 
Input pulse levels = GND to 3.0 V; Input pulse rise and fall times 
(3) Transition 
is measured 
at :1:200mV from steady-state 
voltage 


= 5 ns; timing 
reference levels = 1.5 V; see figures 
1 and 2 for 
with the load shown in figure 2. 


output 
load. 
(4) Transition 
is measured at VOL + 200 mV and VOH- 200 mV with 
(2) All read cycle timings are referenced from the last valid address to 
the load shown in figure 2. 
the first transltioning 
address. 


ttiEC 


SV 


400n 


Dour 


~255n 
3OpF" 


-= 


"Including Socpo and Jig 


83tK-4832A 


II 


NEe 


Timing Waveforms 


Address Access Cycle 
t 


iRe 


Address 


--~ 
::~-==--=I=OH=- 
-==-------~ 


Notes: 


[1] WE is held high for a read cycle. 


[21 The device is continually 
selected. where CS = VIL. 


Notes: 


[1) WE Is held high for a read cycle. 


[2] Address 
valid prior to or coincident 
with the low transition of CS. 


High 


Impedance 


tt1EC 


tAW 


ICW 


Notes: 


(1) Cs or WE must be high during address transition. 
(2) A write cycle occurs during lI1e overlap of a low Cs and a low WE. 


[3) tWR Is measured 
between the rising edge of elll1er Cs or WE, 


whichever 
occurs 
first, and the end of t we. 


~IOWI_ 


Hlghlmpedance ~~7 ~~m~1!! 
II 


Timing Waveforms (cant) 


CS-Controlled 
Write Cycle 
twc-------------=t 
: 'wj~--------- 


f.-'~'~ 


DOUT 7//JI/Jl/lIIZ+E+~+7IJI///IJ/ 


[1] CS or WE must be high during address 
transition. 


[2J A write cycle occurs during the overlap of a low CS and a low WE. 


[3] tWR Is measured 
between 
the rising edge of either CS or WE 
I 


whichever 
occurs 
first, and the end of t we. 


NEe 
NEe Electronics Inc. 


pPD43256A 


32,768 x 8·Blt 


Static CMOS RAM 


Description 


The I4PD43256Ais a 32,768-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N- 
channel memory cells with polysilicon resistors to make 
the I4PD43256Aa high-speed device that requires very 
low power and no clock or refreshing. 


Minimum standby power Is drawn when CS Is high, 
independent of the other inputs' levels. Data retention Is 
guaranteed at a power supply voltage as low as 2 V. The 
I4PD43256Ais available in standard 28-pin plastic DIP, 
28-pin 
plastic 
miniflat, 
or 
32-pin 
plastic 
TSOP 


packaging. 


Features 


D Single +5-volt power supply 
D Fully static operation-no 
clock or refreshing 


required 
D TTL-compatible inputs and outputs 
D Common I/O using three-state outputs 
DOne CS pin and one OE pin for easy application 
D Data retention of 2 V minimum 
D Standard 28-pin plastic DIP and miniflat packaging 
D Standard 32-pin plastic TSOP packaging 


(with either normal or reverse bent leads) 


Pin Configurations 


28-Pln PI•• tlc DIP or Minltl.t 


Pin Identification 


Symbol 


Ao· A14 


1I0l-I/Oa 
~ 
rn: 


WE: 


GND 


vcc 


NC 


FunctIon 


Address Inputs 


Data Inputs and outputs 


Chip select 


Output 
enable 


Write enable 


Ground 


+5-volt 
power supply 


No connection 
II 


fttIEC 


Pin Configurations 
(cont) 


32-Pln Pi•• tic TSOP (norllUllle •• 
, top vIew) 


Notes: 


11J This package Is designed 
to be mounted with the top of the package 


dosest 
to the mounting surface. In this position, the exposed side will be 
the bottom of the package. 


NEe 
pPD43256A 


Ordering Information 


Data Retention 
Current 
(mu) 
Part Number 
Acce •• Time (mu) 
TA = Oto70"C 
Package 


"PD43256Ae-85L 
85ns 
5O,.A 
28-pln plastic DIP (600 mlQ 


e-10L 
100 ns 


e-12L 
120 ns 


e-15L 
150ns 


"PD43256Ae-85LL 
85ns 
2O,.A 
28-pln plastic DIP (600 mlQ 


e-10LL 
100ns 


e-12LL 
120ns 


e-15LL 
150 ns 


"PD43256AGU-85L 
85 ns 
5O,.A 
28-pln plastic mlnlflat 


GU·10L 
100ns 


GU·12L 
120ns 


GU-15L 
150ns 


"PD43256AGU-85LL 
85ns 
2O,.A 
28-pln plastic mlnlflat 


GU-10LL 
100ns 


GU·12LL 
120ns 


GU·15LL 
150 ns 


"PD43256AGX-10L-EJA 
100ns 
5O,.A 
32-pln plastic TSOP (normal leads) 


GX-12L-EJA 
120 ns 


"PD43256AGX-10LL-EJA 
100ns 
2O,.A 
32-pln plastic TSOP (normal leads) 


GX-12LL-EJA 
120 ns 
B 


"PD43256AGX-10L-EKA 
100 ns 
5O,.A 
32-pln plastic TSOP (reverse bent leads) 


GX·12L-EKA 
120ns 


"PD43256AGX-10LL·EKA 
100ns 
20,.A 
32-pln plastic TSOP (reverse bent leads) 


GX-12LL-EKA 
120ns 


NEe 


Input 
Data 
Control 


Memory Cell 
Array 
512 Rows 
64 x 8 Columns 


Output 
Data 
Control 


ttiEC 


Absolute Maximum Ratings 


Supply voltage, Vcc 
(Note 1) 


Input voltage, VJN (Nole 1) 


Output voltage, Vvo (Note 1) 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTa 


Power dissipation, 
Po 


-<l.5 to + 7.0 V 


-0.5 to Vcc 
+ 0.5 V 


-<l.5 to Vcc 
+ 0.5 V 
o to +7O'C 


-55 
to + 125"C 


1.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DO and AO Characteristics. 


Note.: 


(1) - 3.0 V minimum 
(pulse width. 
50 ns). 


Capacitance 
TA • 
+ 25"0; f • 
1 MHz; VIN and VOUT = 0 V 


Parameter 
Symbol 
Mln 


Input capacitance 
C. 


Input/oulput 
capacitance 
0VO 


Note.: 


(1) This parameter 
Is sampled and not 100% tested. 


DC Characteristics 
TA• 
Oto 
+70"0; 
Vcc = +5.0V:t: 
10% 


Parameter 
Symbol 
Mln 
Typ 
Max 


Inpulleakage 
current 
ILl 
-1 


VO leakage current 
ILO 
-1 


Operating 
supply current 
ICCA1 
45 


ICCA2 
10 


ICCA3 
10 


Standby 
supply current 
I5B 
3 


I5Bl 
0.002 
0.1 


Output voltage, low 
VOL 
0.4 


Output voltage, high 
VOHI 
2.4 


VOH2 
Vcc-0.5 


Note.: 


(1) "PD43256A·l0LJ·l0LLJ·12L/·12LL 
= 40 mA (max). 
"PD43256A·15L/-15LL 
= 35 mA (max). 


(2) "PD43256AGX·l0LLJ·12LL 
= 50/'A 
(max). 


Truth Table 
cs 
OE 
WE 
Function 
I/O 
Ice 


H 
x 
X 
Not selected 
Hlgh-Z 
Standby 


L 
H 
H 
Not selected 
Hlgh-Z 
Active 


L 
L 
H 
Read 
DoUT 
Active 


L 
X 
L 
Write 
DIN 
Active 


Note.: 


(1) X • 
don't care. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, low 
\lL 
-0.3 
0.8 
V 


(Note 1) 


Input voltage, high 
\lH 
2.2 
Vcc 
+ 0.5 
V 


Ambient temperature 
TA 
0 
70 
"C 


Note.: 


(1) - 3.0 V minimum 
(purse width 
- 
50 ns). 


II 


Te.t Condition. 


\IN • 
OV to Vcc 


VVO = OV to Vcc; cg '" VIH or OE '" VIH 
or WE s VIL 
cg S V1L(mln cycle); IVO = 0 V (Note 1) 
cg = V1L;IVO = OV 
cg s 0.2 V; f = 1 MHz; IVO = OV; VIL s 0.2 V; 
VIH '" Vcc-0.2V 
cg '" VIH 
cg '" Vcc - 0.2 V (Note 2) 


IOL = 2.1 mA 


IOH = -1.0 mA 


IOH = -0.1 mA 


AC Characteristics 
(for Land LL Versions) 
TA = Oto 
+700C; vcc = +5.0V:l: 
10% 


"PD43256A-S5 
"PD43256A-10 
"PD43256A-12 
"PD43256A-15 
Teat 
Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Conditions 


Read Operation 


Read cycle time 
tRC 
85 
100 
120 
150 
ns 


Address access 
tM 
85 
100 
120 
150 
ns 
(Note 2) 


lime 


Chip select 
tACS 
85 
100 
120 
150 
ns 
(Note 2) 


access time 


Output 
enable 
toE 
40 
50 
60 
70 
ns 
(Note 2) 


to output valid 


Output 
hold 
toH 
10 
10 
10 
10 
ns 
from address 
change 


Chip select to 
leLZ 
10 
10 
10 
10 
ns 
(Note 3) 


output 
In low-Z 


Output 
enable 
toLZ 
5 
5 
5 
5 
ns 
(Note 3) 


to output 
In 
Iow-Z 


Chip select to 
leHZ 
30 
35 
40 
50 
ns 
(Note 3) 


output 
In hlgh-Z 


Output 
enable 
toHZ 
30 
35 
40 
50 
ns 
(Note 3) 


to output 
In 
hlgh-Z 


Write Operation 


Write cycle time 
twc 
85 
100 
120 
150 
ns 


Chip select to 
lew 
70 
80 
85 
100 
ns 
end of write 


Address valid to 
tAW 
70 
80 
85 
100 
ns 
end of write 


Address setup 
tAS 
0 
0 
0 
0 
ns 
time 


Write pulse 
twp 
65 
70 
70 
90 
ns 


width 


Write recovery 
twR 
5 
5 
5 
5 
ns 


time 


Data valid to 
tow 
35 
40 
50 
60 
ns 
end of write 


Data hold time 
toH 
0 
0 
0 
0 
ns 


Write enable to 
. twHZ 
30 
35 
40 
50 
ns 
(Note 3) 


output 
In hlgh-Z 


Output 
active 
tow 
10 
10 
10 
10 
ns 
(Note 3) 
from end of 
write 


Notea: 


(1) Input pulse levels = 0.8 to 2.2 V; Input pulse rise and fall times = 
(2) See figure 1 for output load. 


5 ns; timing 
reference levels = 1.5 V. 
(3) 
See figure 2 for output load. 


NEe 


Low Vcc Data Retention Characteristics 
TA = Oto 70·C 


Parameter 
Symbol 
Mln 
Typ 


Data retention 
supply voltage 
VCCOR 
2.0 


Data retention 
supply current 
ICCOR 


Chip deselection 
to data retention 
!cOR 
0 


Operation 
recovery time 
tR 
IRc 


Notes: 


Test Conditions 


"C'S 
" 
VCC - 0.2 V 


VCC = 3.0 V; "C'S 
" 
VCC - 0.2 V (Notes 1. 2) 


(1) For I'PD43256A·LL. 
ICCOR = 2O,.A (max) at TA = 0 to 70"C and 


3 ,.A (max) at TA = 0 to 4O·C. 


(2) For I'PD43256A-L. 
ICCOR = 15,.A (max) at TA = 0 to 40·C. 


5V 


4.5V 
- 
- 


VIH 
- 


VCCDR - 


VIL 


GND 
- 
II 


NEe 


1100PF. 


NEe 


Timing Waveforms 


Address Access Cycle 


f 


IRC 
t~ 


Address Valid 


tAA 
• 


tOH 
.' 


Previous 
Data Valid 
Data Valid 


Notes: 


[lJ WE is held high for a read cycle. 


[2J The device is continually 
selected, where Cs ~ BE ~ VIL. 


IRC 
, 
Address Valid 
J 


tM 


tACS 
• 
"\\\\\\\\\\\\\\1- 


" M\\\\\\\\\\\\\\\.{~teLZ_=~ 
:! 


f///I(/JII//IJl 
1=r'1 
tI///I/(///////!2 
1=== 
t 
OH 


tOH 


High 


Impedance 


Notes: 


[1] WE is high for a read cycle. 


[2J Address 
valid prior to or coincident 
with the low transition 
of Cs. 


II 


NEe 


r t__ 
tD:_ta.in_val_id~ 
__ 


h---tWHZ 


Notes: 


[1J A write cycle occurs during tI1e overlap of a low Cs and 
a low WE. 


[2J Cs or WE must be high during address transition. 


[3J If DE Is high, the va pins remain in a state of high Impedance. 


[4J During tI1is period, tI1e va pins may be in tI1e output state. 


Therefore, 
Input signals of opposite 
phase 
must not be applied. 


NEe 


Timing waveforms (cont) 


B-Controlled 
Write Cycle 


Notes: 


[1J A write cycle occurs during the overlap of a low Cs and 
a low WE. 


[2J Cs or WE must be high during address transition. 


[3J If OE Is high, the VO pins remain In a state of high Impedance. 
II 


fttfEC 


NEe 
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"PD43256B 
32,768 x 8-Bit 
Static CMOS RAM 


Description 


The pPD432568 is a 32,768-word by 8-bit static RAM 
fabricated with advanced silicon-gate technology. Its 
unique design uses CMOS peripheral circuits and N- 
channel 
memory 
cells with 
polysilicon 
resistors to 


make the pPD432568 a high-speed device that requires 
very low power and no clock or refreshing. 


Minimum standby power is drawn when CS is high, 
independent of the other inputs' levels. Data retention 
is guaranteed at a power supply voltage as low as 2 V. 
The pPD432568 is available in standard 28-pin plastic 
DIP, 28-pin plastic 
miniflat, 
or 32-pin plastic TSOP 


packaging. 


Features 


o Single + 5-volt power supply 
o Fully static operatio~no 
clock or refreshing 


o TTL-compatible inputs and outputs 
o Common I/O using three-state outputs 
DOne 
CS pin and one OE pin for easy application 


o Data retention of 2 V minimum 
o Standard 28-pin plastic DIP and miniflat packaging 
o Standard 32-pin plastic TSOP packaging 


(with either normal or reverse bent leads) 


o Fast access time of 55 ns 


Ordering Information 


Access 


Part Number 
Time (max) 
Package 


JlPD43256Be-55L 
55 ns 
28-pin plastic 
DIP 


e-70L 
70 ns 


e-85L 
85 ns 


JlPD43256BGU-55L 
55 ns 
28-pin plastic miniflat 


GLJ-70L 
70 ns 


GLJ-85L 
85 ns 


JlPD43256BGX55L-EJA 
55 ns 
32-pin plastic TSOP 


GX70L-EJA 
70 ns 
(normal leads) 


GX85L-EJA 
85 ns 


JlPD43256BGX55L-EKA 
55 ns 
32-pin plastic TSOP 


GX70L-EKA 
70 ns 
(reverse bent leads) 


GX85L-EKA 
85 ns 


A14 
Vcc 


A12 
WE 


A7 
A13 
As 
Aa 


AS 
Ag 


A4 
A11 


A3 
OE 


A2 
A10 


A1 
Cs 
Ao 
VOa 


VOl 
V07 


V02 
V06 


V03 
VOS 


GND 
V04 


Pin Identification 


Symbol 


Ao -A14 


1/01-I/Oa 
CS 


5E 


WE 


GND 


vcc 


NC 


Function 


Address inputs 


Data inputs and outputs 


Chip select' 


Output 
enable 


Write enable 


Ground 


+5-volt 
power supply 


No connection 
II 


NEe 


Not •• : 


[1J This package Is designed 
to be mounted with the top of the package 
dosest 
to the mountlng surface. 
In this posltlon, the exposed side will be 


the bottom of the package. 


NEe 


Input 
Data 
Control 


Memory Cell 
Array 
512 Rows 
64 x 8 Columns 


Output 
Data 
Control 


II 


tttfEC 


Absolute Maximum Ratings 


Supply voltage, Vcc 
(Note 1) 


Input vo~age, VIN (Note 1) 


Output 
vo~age, Vvo (Note 1) 


Operating 
temperature, 
TOPR 


Storage temperature, 
T5TG 


Power dissipation, 
Po 


-0.5 to + 7.0 V 


-0.5 to Vcc 
+ 0.5 V 


-0.5 to Vcc 
+ 0.5 V 


o to + 70·C 


-55 to + 125·C 


1.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits 
specified 
under DC and AC Characteristics. 


Capacitance 
TA = + 25·C; f = 1 MHz; VIN and VOUT = 0 V 


Parameter 
Symbol 
Mln 


Input capacitance 
CI 


Input/output 
capacitance 
Cvo 


Truth Table 
cs 
OE 
WE 
Function 
I/O 
Icc 


H 
X 
X 
Not selected 
High-Z 
Standby 


L 
H 
H 
Outputs 
disabled 
High-Z 
Active 


L 
L 
H 
Read 
DouT 
Active 


L 
X 
L 
Write 
DIN 
Active 


Notes: 


(1) X = donl care. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 


Input vo~age, low 
VIL 
- 0.3 
0.8 


(Note 1) 


Input vo~age, high 
VIH 
2.2 
Vcc + 0.5 
V 


Max 
Unit 
Ambient temperature 
TA 
0 
70 
·C 


5 
pF 
Notes: 


8 
pF 
(1) - 3.0 V minimum 
(pulse width = 50 ns). 


Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


III 
-1 
pA 
VIN = 0 V to Vcc 


ILO 
-1 
pA 
Vvo = 0 V to Vee; CS 2: VIH or OE 2: VIH 
or WE :$ V1L 


leCA1 
50 
mA 
CS:$ 
VIL (min cycle); IVO = OV (Note 1) 


ICCA2 
10 
mA 
CS = VIL; IVO = OV 


iCCA3 
10 
mA 
CS :$ 0.2 V; f = 1 MHz; Ivo = 0 V; 
VIL :$ 0.2 V; VIH 2: Vec - 0.2 V 


158 
3 
mA 
CS 2: V1H 


1561 
2 
100 
pA 
CS 2: Vec-0.2V 


VOL 
0.4 
V 
IOL = 2.1 mA 


VOH1 
2.4 
V 
IOH = -1.0 mA 


VOH2 
Vec - 0.5 
V 
IOH = -0.1 mA 


Notes: 


(1) This parameter 
is sampled 
and not 100% tested. 


DC Characteristics 
TA = 0 to + 70·C; vcc 
= +5.0 V ± 10% 


Parameter 


Input leakage current 


VO leakage current 


Output 
vo~age, low 


Output 
vo~age, high 


(1) pPD43256B-55L 
= 50 mA (max). 
pPD43256B-70L/-85L 
= 45 mA (max). 


NEe 
JlPD43256B 


AC Characteristics 
(All Versions) 


TA = 0 to +70'C; VCC = + 5.0 V ± 10% 


"PD43256B-55 
"PD43256B-70 
"PD43256B-85 


Paramater 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Read Operation 


Read cycle time 
tRC 
55 
70 
85 
ns 
(Note 2) 


Address access time 
tAA 
55 
70 
85 
ns 
(Note 2) 


Chip select access lime 
tACS 
55 
70 
85 
ns 
(Note 2) 


Output 
enable to output valid 
tOE 
30 
35 
40 
ns 
(Note 2) 


OUlput 
hold from address change 
tOH 
10 
10 
10 
ns 
(Note 2) 


Chip select to output 
In low-Z 
tCLZ 
10 
10 
10 
ns 
(Note 3) 


Output 
enable to output 
In Iow-Z 
tOLZ 
5 
5 
5 
ns 
(Note 3) 


Chip select to oUlput in hlgh-Z 
lCHZ 
30 
30 
30 
ns 
(Note 3) 


Output 
enable to output 
in hlgh-Z 
tOHZ 
30 
30 
30 
ns 
(Note 3) 


Write Operation 


Write cycle time 
twc 
55 
70 
85 
ns 


Chip select to end of write 
tcw 
50 
60 
70 
ns 


Address valid to end of write 
tAW 
50 
60 
70 
ns 


Address setup time 
tAs 
0 
0 
0 
ns 


Write pulse width 
twP 
45 
55 
65 
ns 


Write recovery time 
tWR 
5 
5 
5 
ns 


Data valid to end of write 
tow 
30 
30 
35 
ns 


Data hold time 
tOH 
0 
0 
0 
ns 


Write enable to output 
in high-Z 
tWHZ 
30 
30 
30 
ns 
(Note 3) 


Output 
active from end of write 
tow 
to 
10 
10 
ns 
(Note 3) 


Notes: 


(1) Input pulse levels = 0.8 to 2.2 V; input pulse rise and f all times = 
(2) See figure 1 for output 
load. 
5 ns; timing 
reference levels = 1.5 V. 
(3) See figure 2 for output 
load. 


t-{EC 


Low Vcc Data Retention Characteristics 
TA = 0 to 70·C 


Parameter 


Data retention 
supply voltage 


Data retention 
supply 
current 


Chip deselection 
to data retention 


Operation 
recovery time 


Symbol 


VCCDR 


ICCDR 


tCDR 


tR 


Test Conditions 


CS," 
Vcc-D.2V 


VCC = 3.0 V; CS '" VCC - 0.2 V (Note 1) 


Cs 
VIL 


GND 
- 


NEe 


1100PF' 


Figure 2. 
Output Load for tCLZ, tOLZ, tCHZ,tOHZ,'WHZ,and tow 


1SPF'I 


NEe 


Timing Waveforms 


Address Access Cycle 
t 


tRC 


Address 


------- 
::- -==- -==- -==--==too==~--=~--=~--=~------------ 


Notes: 


(1) WE Is held high for a read cycle. 


(2) The device Is continually 
selected, where CS. DE. VIL. 


tRC 


Address Valid 


tAA 


tACS 
~ 
" 0,\\\\~ \\\\,~_, 


'"M\\\\\\\\\\\\ ~o----teLZ_~,~, 
:! 


f////(J1/ //I11l 
~r~1 


11////(/11/IIIIIZ 
l:==toHZ- 


too 


High 


Impedance 


Notes: 


[1J WE Is high for a read cycle. 


(2) Address valid prior to or coinddent 
with the low transition of CS. 


N:EC 


tAW 


tAS 
~Io: 
twp 
r f 


~tWHZ 


Notes: 


[1J A write cycle occurs during the overlap of a low CS and 
a low WE. 


[2J Cs or WE must be high during address transition. 


[3J If DE Is high, the va pins remain in a state of high impedance. 


[4] During this period, the va pins may be In the output state. 
Therefore, 
Input signals of opposite phase must not be applied. 
IJ 


NEe 


Timing Waveforms (cont) 


CS-Controlled Write Cycle 


Notes: 


[1) A write cycle occurs during the overlap of a low CS and 
a low WE. 


[2J Cs or WE must be high during address transition. 


[3J If OE is high, the IrO pins remain in a state of high Impedance. 


,'. "]========= 


NEe 
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pPD43258 


32,768 x 8-Bit 


Static CMOS RAM 


Description 


The /LPD43258 is a 32,768-word by 8-bit static RAM 
fabricated 
with advanced silicon-gate technology. Its 


unique design uses CMOS peripheral circuits and N- 
channel memory cells with polysilicon resistors to make 
the /LPD43258a high-speed device that requires very low 
power and no clock or refreshing. 


Minimum standby power is drawn when CS is high, 
independent of the other inputs' levels. The /LPD43258is 
available in standard 28-pin plastic DIP or SOJ packag- 
ing. 


Features 


o Single + 5-volt power supply 
o Fully static operation-no 
clock or refreshing 


o TTL-compatible inputs and outputs 
o Common I/O using three-state outputs 
DOne 
CS pin and one OE pin for easy application 


o Standard 28-pin plastic DIP and SOJ packaging 
o Fast access time of 35 ns (max) 


Access 
Time (max) 


35 ns 


Package 


28-pin plastic DIP 
"PD43258CR-35 
----------- 
CR-45 


"PD43258LA-35 


LA-45 


45 ns 


35 ns 


45 ns 


Pin Identification 


Symbol 


Ao -A14 


1/01 -I/oa 


C"S 


OE 


WE 


GND 


Vcc 


Function 


Address inputs 


Data inputs and outputs 


Chip select 


Output 
enable 


Write enable 


Ground 


+5-volt 
power supply 


NEe 


Input 
Data 
Control 


Truth Table 
cs 
OE 
WE 
Function 


H 
X 
X 
Not selected 


L 
H 
H 
Outputs 
di sabled 


L 
L 
H 
Read 


L 
X 
L 
Write 


I/O 
lee 


High-Z 
Standby 


High-Z 
Active 


DOUT 
Active 


DIN 
Active 


Notes: 


(1) X = don~ care. 


Memory Gell 


Array 
512 Rows 
64 x 8 Columns 


Output 
Data 
Control 


Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, low (Note 1) 
\lL 
-0.3 
0.8 
V 


Input voltage, high 
\lH 
2.2 
Vcc 
+ 0.5 
V 


Ambient temperature 
TA 
0 
70 
·C 


Notes: 


(1) - 3.0 V minimum 
(pulse width = 20 ns). 


DC Characteristics 
TA = 0 to + 70·C; vcc 
= +5.0 V ± 10% 


Parameter 
Symbol 
Min 


Input leakage current 
III 
- 2 


I/O leakage current 
ILO 
- 2 


Operating 
supply current 
Ice 


Standby 
supply current 
IS8 
--------------------------------------- 
IS81 


Output 
voltage, low 
VOL 


Output voltage, high 
VOH 
2.4 


Typ 
Max 
Unit 
Test Conditions 


2 
",A 
\IN = 0 V to Vee 


2 
",A 
VI/O = 0 V to Vee; CS 2: VIH or DE 
2: V1Hor WE s VIL 


130 
mA 
CS s VIL (min cycle); 'I/O = 0 V 


30 
ma 
CS 2: VIH; VIN = VIH or VIL 


2 
mA 
CS 2: Vce - 0.2 V; VIN s 0.2 V or 2: Vee - 0.2 V 


0.4 
V 
10L = 8 mA 


V 
10H = -4.0mA 


NEe 


Absolute Maximum Ratings 


Supply voltage, Vcc (Note 1) 


Input voltage, "iN (Note 1) 


Output 
voltage, Vvo (Note 1) 


Operating 
temperature, 
TOPA 


Storage temperature, 
TSTG 


-0.5 to +7.0 V 


-0.5 to Vcc 
+ 0.5 V 


-0.5 to Vcc 
+ 0.5 V 


o to +70·C 


-55 to + 125·C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Notes: 


(1) - 3.0 V minimum 
(pulse width 
= 20 ns). 


AC Characteristics 
TA = 0 to +70·C; vcc = +5.0 V :t 10% 


Capacitance 
TA = +25·C; f = 1 MHz; V1Nand VOUT = 0 V 


Parameter 
Symbol 
Mln 


Input capacitance 
CI 


InpuVoutput 
capacitance 
Cvo 


Notes: 


(1) This parameter 
is sampled and not 100% tested. 


"PD43258-45 


Max 
Parameter 
Symbol 


Read Operation 


Read cycle time 
tAC 


Address access time 
tAA 


Chip select access time 
tACS 


Output 
enable to output valid 
tOE 


Output 
hold from address change 
tOH 


Chip select to output 
in low-Z 
tCLZ 


Output 
enable to output in low-Z 
tOLZ 


Chip select to output 
in high-Z 
tCHZ 


Output 
enable to output 
in high-Z 
tOHZ 


Write Operation 


Write cycle time 
twc 


Chip select to end of write 
tcw 


Address vaiid to end of write 
tAW 


Address setup time 
tAS 


Write pulse width 
twP 


Write recovery time 
tWA 


Data valid to end of write 
tow 


Data hold time 
tOH 


Write enable to output 
in high-Z 
tWHZ 


Output 
active from end of write 
tow 


Notes: 


Max 
Min 


45 


35 


35 


17 


5 


5 


0 


15 


15 


Unit 
Test Conditions 


ns 
(Note 2) 


ns 
(Note 2) 


ns 
(Note 2) 


ns 
(Note 2) 


ns 
(Note 2) 


ns 
(Note 3) 
II 


ns 
(Note 3) 


ns 
(Note 3) 


ns 
(Note 3) 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 
(Note 3) 


ns 
(Note 3) 


35 
45 


30 
40 


30 
40 


0 
0 


30 
40 


0 
0 


15 
20 


0 
0 


15 
20 


0 
0 


(1) Input pulse levels = 0 to 3 V; input puise rise and fall times = 


5 ns; timing 
reference levels = 1.5 V. 


(2) See figure 1 for output 
load. 


(3) See figure 2 for output 
load. 


tttrEC 


Figure 2. 
Output Load for tCLb tOLZ, tCHZ,to HZ, tWHZ,and tow 


lsPF *I 


NEe 


f 


tRC 


Address 


-- 
:=--=-=too=--=---~ 


Notes: 


[1) WE Is held high for a read cycle. 


[2) The device Is continually 
selected, where CS = DE = V Il 


tRC 


Address Valid 


tM 


tACS 
~ 


"\\\\\\ 
\%t~~_, 


'"~\&\\\\\\\\\\\{~teLZ_~u~' 
:! 


f////(/IJI// III 
1=["'1 


i//////(///I/III! 
l:==tOHZ~ 


too 


High 


Impedance 


Notes: 


[1) WE Is high for a read cycle. 


[2] Address valid prior to or colnddent 
with the low transition of CS. 


II 


NEe 


tAW 


tAS 
~IE 
twp 
r f 


~tWHZ 


Notes: 


(1) A write cycle occurs during tile overlap of a low CS and 
a low WE. 


(2) Cs or WE must be high during address transition. 


[3) If OE Is high, the VO pins remain in a state of high Impedance. 


[4] During tIlis period, tile VO pins may be in tile output state. 


Therefore, 
Input signals of opposite 
phase 
must not be applied. 


NEe 


Timing Waveforms (cent) 


CS-Controlled 
Write Cycle 


Not •• : 


[1J A write cycle OCOJrsduring the overlap of a 1<7>\1 CS and 
a 1<7>\1 WE. 


[2J Cs or WE must be high during address transltlon. 


[3J 
If DE Is high, the va pins remain In a state of high Impedance. 
II 


NEe 


NEe 
NEe Electronics 
Inc. 


IIPD431000 


131,072 x a-Bit 


Static CMOS RAM 


Description 


The ~PD431000 is a 131,072-word by 8-bit static RAM 
fabricated 
with 
advanced 
silicon-gate 
technology. 


CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the ~PD431000a high- 
speed device that requires very low power and no clock 
or refreshing. 


Minimum standby power is drawn when CE2 is low, 
independent of the other inputs' levels. Data retention is 
guaranteed at a power supply voltage as low as 2 volts. 
The ~PD431000 is available in standard 32-pin plastic 
DIP and miniflat packaging. 


Features 


o 131,072-wordby 8-bit organization 
o Single +5-volt power supply 
o Fully static operation-no 
clock or refreshing 


o TTL-compatible inputs and outputs 
o Common I/O using three-state outputs 
o Two CE pins and one OE pin for easy application 
o Data retention current of 1 ~A typical 
o Data retention voltage of 2 V minimum 
o Standard 32-pin plastic DIP and miniflat packaging 


Acce •• 


TIme 
158' 


P8rtNumber 
(max) 
(max) 
Package 


"PD431000CZ-85 
85 ns 
2mA 
32-pln plastic DIP 


CZ-l0 
lOOns 


CZ-12 
120ns 


"PD431000CZ-85L 
85 ns 
0.1 mA 


CZ-l0L 
lOOns 


CZ-12L 
120 ns 


"PD431000CZ-85LL 
85 ns 
0.05 mA 


CZ-l0LL 
100 ns 


CZ-12LL 
120 ns 


"PD431000GW-85L 
85ns 
0.1 mA 
32-pln 
plastic mlni!lat 


GW-l0L 
100 ns 


GW-12L 
120 ns 


"PD431000GW-85LL 
85 ns 
0.05 mA 


GW-l0LL 
lOOns 


GW-12LL 
120 ns 


Pin Configuration 


32-Pin PI.stic DIPor lIinifl.t 


Pin Identification 


Symbol 


Ao-A,6 


1/00-1/0, 


'OE" 
CE2 
~ 


WE 


GND 


vcc 


NC 


Function 


Address Inputs 


Data Inputs and outputs 


Chip enables 1 and 2 


Output 
enable 


Write enable 


Ground 


+5-volt 
power supply 


No connection 


II 
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Row 
Address 
Buffer 


Input 
Data 
Buffer 


Memory 
Cell 
Array 
512 Rows 
256 x 8 
Columns 


Column 
Address 
Buffer 


Output 


Data 
Buffer 


ttiEC 
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Truth Table 


Function 
CE, 
CE2 
OE 
WE 
I/O 
Ice 


Not selected 
H 
X 
X 
X 
High-Z 
Standby 


Not selected 
X 
L 
X 
X 
High-Z 
Standby 


Selected 
L 
H 
H 
H 
High·Z 
Active 


Read 
L 
H 
L 
H 
DOUT 
Active 


Write 
L 
H 
X 
L 
DIN 
Active 


Notes: 


(1) X = donl care. 


Absolute Maximum Ratings 


Supply voltage, Vcc (Note 1) 


Input voltage, \IN (Note 1) 


Output voltage, Vvo (Note 1) 


Operating 
temperature, 
TaPA 


Storage temperature, 
TSTG 


Power dissipation, 
Po 


-0.5 to +7.0 V 


-0.5 to Vcc 
+ 0.5 V 


-0.5 to Vcc 
+ 0.5 V 
o to +70"C 


-55 to + 125'C 


1.0W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Notes: 


(1) - 3.0 V minimum 
(pulse width 
= 50 ns). 


Capacitance 
TA = +25'C; 
f = 1 MHz; VIN and VOUT = OV 


Parameter 
Symbol 
Mln 
Typ 


Input capacitance 
CI 


Input/output 
capecitance 
Cvo 


Not •• : 


(1) This parameter 
Is sampled and not 100,*, tested. 


DC Characteristics 
TA = Oto 
+70"C; vcc 
= +5.0V 
± 10,*, 


Parameter 
Symbol 


Input leakage current 
III 


110 leakage current 
ILO 


Max 
Unit 


6 
pF 


10 
pF 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, low 
\lL 
- 0.3 
0.8 
V 


Input voltage, high 
\lH 
2.2 
Vcc 
+ 0.5 
V 


Ambient temperature 
TA 
0 
70 
'C 


Notes: 


(1) - 3.0 V minimum 
(pulse width 
= 50 ns). 


Test Conditions 


\IN = 0 V to Vcc 


\I/o = 0 V to Vcc; 'CE1 = VIH, or CE2 = \lL, 
or m: = \lH, or WE = VIL 


'CE1 = V1L;CE2 = V1H;tRC = tRC (mln); 
IVO = OmA 


'CE, = VIL; CE2 = VIH; 11/0= 0 mA 


'CE1 = \lH or CE2 = V1L(Note 1) 


'CE1 and CE2 '" Vcc - 0.2 V (Note 2) 


CE2 s 0.2 V (Note 2) 


10L = 2.1 mA 


10H = -1.0 
mA 


Operating 
supply current 
ICCA' 
70 


ICCA2 
15 
35 


Standby supply current 
19B 
3 


ISBl 
0.02 
2 


ISB2 
0.02 
2 


Output voltage, low 
VOL 
0.4 


Output voltage, high 
VOH 
2.4 


Notes: 


(1) 19B = 5 mA (max) for non·L versions. 


(2) ISBl and ISB2 = 0.02 mA (typ) and 0.1 mA (max) for -L versions 
and 0.002 mA (typ) and 0.05 mA (max) for -LL versions. 


II 
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AC Characteristics 
TA = 0 to +70"C; Vcc = +5.0 V ± 10,*, 


,.PD431 000-85 
,.PD431000-10 
,.PD431000-12 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Teat Condltlona 


Read Operation 


Read cycle time 
tRC 
85 
100 
120 
ns 


Address access time 
tM 
85 
100 
120 
ns 
(Note 2) 


eEl 
access time 
tCOl 
85 
100 
120 
ns 
(Note 2) 


CE2 access time 
.tC02 
85 
100 
120 
ns 
(Note 2) 


Output 
enable to output valid 
tOE 
45 
50 
60 
ns 
(Note 2) 


Output 
hold from address change 
tOH 
10 
10 
10 
ns 


eEl 
to output 
In low-Z 
It.Zl 
10 
10 
10 
ns 
(Note 3) 


CE2 to output 
In low-Z 
It.Z2 
10 
10 
10 
ns 
(Note 3) 


Output 
enable to output 
In low-Z 
tOLZ 
5 
5 
5 
ns 
(Note 3) 


eEl 
to output 
In hlgh-Z 
tHZl 
30 
35 
45 
ns 
(Note 3) 


CE2 to output 
In hlgh-Z 
tHZ2 
30 
35 
45 
ns 
(Note 3) 


Output 
enable to output In hlgh-Z 
tOHZ 
30 
35 
45 
ns 
(Note 3) 


Write Operation 


Write cycle time 
twc 
85 
100 
120 
ns 


eEl 
to end of write 
tCWl 
75 
90 
100 
ns 


CE2 to end of write 
tCW2 
75 
90 
100 
ns 


Address valid to end of write 
tAW 
75 
90 
100 
ns 


Address setup time 
tAS 
0 
0 
0 
ns 


Write pulse width 
twP 
65 
75 
85 
ns 


Write recovery time 
tWR 
5 
5 
5 
ns 


Data valid to end of write 
tow 
35 
40 
45 
ns 


Data hold time 
tOH 
0 
0 
0 
ns 


Write enable to output 
In hlgh-Z 
tWHZ 
30 
35 
40 
ns 
(Note 3) 


Output active from end of write 
tow 
5 
5 
5 
ns 
(Note 3) 


Notes: 


(1) Input pulse levels = 0.8 to 2.2 V; input rise and fall times = 5 ns; 
(2) 
See figure 1 for output loading. 


timing 
reference levels = 1.5 V. 
(3) See figure 2 for output loading. 
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Low Vcc Data RetentIon CharacterIstics (-L and ·LL versIons Only) 
fA = 0 to +7O"C 


Peremeter 
Symbol 
Mln 
Typ 
Max 
Unit 
Te.t 
Condition. 


Data retention 
supply voltage 
VCCDRt 
2 
5.5 
V 
crt 
'" VCC - 0.2 V; CE2 '" VCC - 0.2 V 


orCE2 s 0.2V 


VCCDR2 
2 
5.5 
V 
CE2 S 0.2V 


Data retention 
supply 
current 
ICCDRt 
50 
,.A 
Vcc 
= 3.0 V; crt 
'" VCC - 0.2 V; 


CE2 '" VCC - 0.2 V or CE2 s 0.2 V (Note 1) 


ICCDR2 
50 
,.A 
VCC = 3.0V; 
CE2 S 0.2V 
(Note 1) 


Chip deselect Ion to data retention 
tCDR 
0 
ns 


Operation 
recovery time 
tR 
tRC 
ns 


Not •• : 


(1) At 0 to 40"C, the maximum 
for ICCDRt and ICCDR2Is 15,.A for the 


·L version and 5,.A for the ·LL version. 


II 


t\'EC 


VIL 


G~ 
--------------------------------- 


Not.: 
(1) CE2 must be equal to or higher than VCC - 0.2 V, or equal to or lower than 0.2 V. 


The other inputs (Addresses, BE, WE, I/0s) can be in high impedance. 


Data 
Retention 


CE2 


VIL---- 
------------V;2~~;------------- 
---- 


=-------------------------------------- 


Not.: 
(1) The inputs (Address eEl, CE, WE, VOs) can be in high impedance. 


NEe 


Timing Waveforms 


RelldCycle 
i 


tRC 
t 


Address 
Address 
Valid 
--- 
~------------tAA=====-=---- 
tOH1 
er//IJlJZ 
~-u~O'~l 
'~'h 


'"V!!IPl!lllli__ 
~oo, 
,I, elf 


BE \\\\\\\\\\\\ 
\\\\\\ 
\\\\\\t= 
'I 
flllilJ/j/}I.//l 


- 
tOE 
I 
~ 
l===tOHl 
I 


tOLl 


Notes: 


[11 WE is high for a read cycle. 


[2] Address 
valid prior to or coincident 
with the latter of the low transition 
of CE 1 
or the high transition 
of CE2. 
II 
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Timing Waveforms 
(cant) 


WE-Controlled 
Write Cycle 


Notes: 


[1] A write cycle occurs during the overlap of a low CEl and WE and a highCE2. 


[2] CE, or WE must be high or CE2 must be low during address 
transition. 


[3] 
If DE is high, the irQ pins remain In high Impedance. 


[4] 
During this period, the irQ pins may be In the output state; therefore, 
input signals of 
opposite 
phase to the output must not be applied. 


~tQW 


1tt{EC 


Timing Waveforms 
(cant) 


CE,-Controlled 
Write Cycle 


twe 
t 
teW1 
~ 


tCW2 


Address 
~ 


_'~-tAS 
- 


Noto.: 


[1) A write cycle occurs during the overlap of a low eE, and WE and a high CE2. 


[2J eE1 or WE must be high or CE2 must be low dUring address transition. 


[3J If 6E is high, the va pins remain in high impedance. 
II 
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Timing Waveforms (cant) 


CE2-Controlled 
Write Cycle 


------------tAW 


twp 


Notes: 


[1] A write cycle occurs during the overlap of a low BE1 and WE and a high CE2. 


[2] BEl or WE must be high or CE2 must be low during address transition. 


[3] 
If OE is high, the va pins remain in high impedance. 


NEe 
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pPD431000A 


131,072 x 8-Bit 


Static CMOS RAM 


Description 


The pPD431000Ais a 131,072-word by a-bit static RAM 
fabricated 
with 
advanced 
silicon-gate 
technology. 


CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the pPD431000Aa high- 
speed device that requires very low power and no clock 
or refreshing. 


Minimum standby 
power is drawn when CE2 is low, 


independent of the other inputs' levels. Data retention is 
guaranteed at a power supply voltage as low as 2 volts. 
The pPD431000Ais available in standard 32-pin plastic 
DIP, 32-pin plastic miniflat, and 32-pin plastic TSOP 
packaging. 


Features 


o 131,072-word by a-bit organization 
o Single + 5-volt power supply 
o Fully static operation-no 
clock or refreshing 


o TTL-compatible inputs and outputs 
o Common I/O using three-state outputs 
o Two CE pins and one OE pin for easy application 
o Data retention current of 1pA typical 
o Data retention voltage of 2 V minimum 
o Standard 32-pin plastic DIP,miniflat and TSOP 


packaging 


Pin Identification 


Symbol 


Ao -A16 


VOo - I/Or 


eEl. CE2 
5E 


WE 


GND 


Vcc 


NC 


Function 


Address inputs 


Data inputs/outputs 


Chip enables 1 and 2 


Output 
enable 


Write enable 


Ground 
+ 5-volt power supply 


No connection 


Pin Configurations 


32-Pin Plastic DIP or Mini'la' 


NC 
vcc 


A16 
A1S 
A'4 
CE2 


A12 
WE 


A7 
A13 


A6 
AS 
AS 
Ag 


A4 
A'l 
A3 
DE 


A2 
Al0 
Al 
GEl 
Ao 
VOs 


Vo, 
V07 


V02 
V06 


V03 
VOS 


GND 
V04 


II 
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Notes: 


[1 J This package Is designed 
to be mounted with the top of the package 
closest to the mounting 
surface. 
in this position, the exposed side will be 
the bottom of the package. 


NEe 


Row 
Address 
Buffer 


Input 
Data 
Buffer 


Absolute Maximum Ratings 


Supply voltage, Vcc 
(Note 1) 


Input voltage, VIN (Note 1) 


Output voltage, 
VvO (Note 1) 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Power dissipation, 
Po 


-0.5 to + 7.0 V 


-0.5 to Vcc + 0.5 V 


-0.5 to Vcc + 0.5 V 
o to + 70'C 


-55 to + 125'C 


1.0 W 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device 
reliability; 
exceeding 
the ratings 
could cause 
perma- 
nent 
damage. 
The 
device 
should 
be operated 
within 
the 
limits 


specified 
under DC and AC Characteristics. 


Notes: 


(1) - 3.0 V minimum 
(pulse width = 50 ns). 


Capacitance 
TA = + 25'C; f = 1 MHz; VIN and VOUT = 0 V 


Parameter 
Symbol 
Min 
Typ 


Input capacitance 
CI 


InpuVoutput 
capacitance 
Cvo 


Notes: 


(1) 
This parameter 
is sampled and not 100% tested. 


6 
pF 


10 
pF 


MemoryCell 
Array 
512 Rows 
256 x 8 
Columns 


OUtput 
Data 
Buffer 


Column 
Address 
Buffer 


Recommended 
Operating Conditions 
II 
Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, 
low 
VIL 
-0.3 
0.8 
V 


Input voltage, 
high 
VIH 
2.2 
VCC + 0.5 
V 


Ambient temperature 
TA 
0 
70 
'c 


Notes: 


(1) - 3.0 V minimum 
(pulse width = 50 ns). 


Truth Table 


Function 
CE, 
CE2 
OE 
WE 
I/O 
Icc 


Not selected 
H 
X 
X 
X 
High-Z 
Standby 


Not selected 
X 
L 
X 
X 
High-Z 
Standby 


Selected 
L 
H 
H 
H 
High-Z 
Active 


Read 
L 
H 
L 
H 
DoUT 
Active 


Write 
L 
H 
X 
L 
DIN 
Active 


Notes: 


(1) X = donl care. 


Ordering Information 


Part Number 
Access 
Time (max) 


JiPD431000ACZ-70 
70 ns 


CZ-85 
85 ns 


CZ-10 
100 ns 


JiPD431000ACZ-70L 
70 ns 


CZ-85L 
85 ns 


CZ·10L 
100 ns 


JiPD431000AGW-70L 
70 ns 


GW·85L 
85 ns 


GW-l0L 
100 ns 


JiPD431000AGZ-70-KJH 
70 ns 


GZ-85-KJH 
85 ns 


GZ-10-KJH 
100 ns 


JiPD431000AGZ- 70L-KJH 
70 ns 


GZ-85L-KJH 
85 ns 


GZ-10L-KJH 
100 ns 


JiPD431000AGZ-70-KKH 
70 ns 


GZ-85-KKH 
8.5ns 


GZ-l0-KKH 
100 ns 


JiPD431000AGZ-70L-KKH 
70 ns 


GZ-85L-KKH 
85 ns 


GZ·l0L-KKH 
100 ns 


1581 (max) 


2mA 


Package 


32-pin plastic DIP 


32-pin plastic TSOP 
(normal leads) 


32-pin plastic TSOP 
(reverse bent leads) 


Notes: 


(1) Contact your NEC sales representative 
for data sheet and prod- 
uct availability 
for the -LL version 
of the JiPD431000A. 


DC Characteristics 
TA = Oto +70'C; 
VCC = +5.0V 
± 10% 


Parameter 
Symbol 


Input leakage current 
III 


I/O leakage current 
ILO 


ICCA2 


ICCA3 


Standby 
supply 
current 
IS8 


ISBl 


ISB2 


Output 
voltage. 
low 
VOL 


Output 
voltage, 
high 
VOH 


Notes: 


(1) ISB = 3 mA (max) for -L versions. 


(2) ISB' and ISB2 = 0.02 mA (typ) and 0.1 mA (max) for -L versions. 


Test Conditions 


VIN = 0 V to VCC 


Vvo = 0 V to VCC; CEl = VIH, or CE2 = VIL. 
or 5E = VIH. or WE = VIL 


CE, = VIL; CE2 = VIH; tRC = tRC (min); 


IVO = 0 mA 


eEl = VIL; CE2 = VIH; IVO = 0 mA 


VCEl S 0.2V;VCE2"" 
Vcc-0.2V;tRcortWC 


= 1 MHz; VIN S 0.2 V or VIN "" VCC - 0.2 V 


eEl 
= VIH or CE2 = V1L(Note 1) 


eEl 
and CE2 ;" VCC - 0.2 V (Note 2) 


CE2 S 0.2 V (Note 2) 


IOL = 2.1 mA 


IOH = -1.0 
mA 


NEe 
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AC Characteristics 
TA = 0 to + 70·C; Vcc = + 5.0 V ± 10% 


"PD431000A-70 
"PD431000A-85 
"PD431000A-10 


Parameter 
Symbol 
Min 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Read Operation 


Read cycle time 
tRC 
70 
85 
100 
ns 


Address access time 
tAA 
70 
85 
100 
ns 
(Note 2) 


CE1 access time 
tC01 
70 
85 
100 
ns 
(Note 2) 


CE2 access time 
tC02 
70 
85 
100 
ns 
(Note 2) 


Output 
enable to output 
valid 
tOE 
35 
45 
50 
ns 
(Note 2) 


Output 
hold from address change 
tOH 
10 
10 
10 
ns 


CE1 to output 
in low-Z 
tLZ1 
10 
10 
10 
ns 
(Note 3) 


CE2 to output 
in low-Z 
tLZ2 
10 
10 
10 
ns 
(Note 3) 


Output 
enable to output 
in low-Z 
tOLZ 
5 
5 
5 
ns 
(Note 3) 


CE1 to output 
In high-Z 
tHZl 
25 
30 
35 
ns 
(Note 3) 


CE2 to output 
in high-Z 
tHZ2 
25 
30 
35 
ns 
(Note 3) 


Output 
enable to output 
in high-Z 
tOHZ 
25 
30 
35 
ns 
(Note 3) 


Write Operation 


Write cycle time 
twc 
70 
85 
100 
ns 


CE1 to end of write 
tCWl 
60 
75 
90 
ns 


CE2 to end of write 
tCW2 
60 
75 
90 
ns 


Address valid to end of write 
tAW 
60 
75 
90 
ns 


Address setup time 
tAS 
0 
0 
0 
ns 
II 


Write pulse width 
twP 
55 
65 
75 
ns 


Write recovery time 
tWR 
5 
5 
5 
ns 


Data valid to end of write 
tow 
35 
35 
40 
ns 


Data hold time 
tOH 
0 
0 
0 
ns 


Write enable to output 
in high-Z 
tWHZ 
25 
30 
35 
ns 
(Note 3) 


Output 
active from end of write 
tow 
5 
5 
5 
ns 
(Note 3) 


Notes: 


(1) Input pulse levels = 0.8 to 2.2 V; input rise and fall times = 5 ns; 
(2) See figure 1 for output 
loading. 


timing 
reference levels = 1.5 V. 
(3) See figure 2 for output 
loading. 
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Figure 1. 
Output Loading 


Figure 2. 
Output Loading for tHZ'. tHZ2. tLZ'. fLZ2. tOLZ, tOHZ. tow. and tWHZ 


Low Vcc Data Retention Characteristics 
(-L Version Only) 


TA = 0 to + 70'C 


Symbol 


VCCDR1 


Max 
Unit 
Test Conditions 


5.5 
V 
CE1 " 
Vcc - 0.2V; CE2 " 
Vcc - 0.2 V 
or CE2 " 
0.2 V 


5.5 
V 
CE2" 
0.2V 


50 
/lA 
Vcc = 3.0 V; CE1 " 
Vcc - 0.2 V; 


CE2 " 
Vcc - 0.2 V or CE2 " 
0.2 V (Note 1) 


50 
/lA 
Vcc = 3.0 V; CE2 " 
0.2 V (Note 1) 


ns 


ms 


VCCDR2 


ICCDR1 


Chip deselect ion to data retention 


Operation 
recovery time 


Notes: 


(1) At 0 to 40'C, the maximum 
for ICCDR1and ICCDR2 is 151JA. 


ttiEC 


Not.: 


[1) CE2 must be equal to or hlghe.!..!.hanVCC- 
0.2 V, or equal to or lower than 0.2 V. 


The other Inputs (Addresses, 
OE, WE, VOs) can be In high impedance. 


Timing Waveforms 


Read Cycle 


~_tLZ~01===i.1 
IHZ111 
"'1V!//!//!//1~_,=~ 
,1, 
~~\'\ 


OE&m\\\\\\\~\\~m\\t='1 
tIIlI//!///!!12 
~ 
IOE 
I 
~ 
l='==tOHZI 


tOLZ 


Notes: 


[1J WE is high for a read cycle. 


{2] Address 
valid prior to or coincident 
with the latter of the low transition of CE 1 
or the high transition 
of CE2. 
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Timing Waveforms (cont) 


WE-Controlled 
Write Cycle 


Notes: 


[1) A write cycle occurs during the overlap of a low eEl and WE and a high CE2. 


[2] CE1 or WE 
must be high or CE2 
must be low during address 
transition. 


(3) If 6E is high, the 1/0 pins remain in high impedance. 


[4] 
During this period, the va pins may be in the output state; therefore, 
Input signals of 


opposite 
phase 
to the output must not be applied. 


~tow 
II 


tttlEC 


Timing Waveforms 
(cont) 


CE,·Controlled Write Cycle 
-L-tAS 
- 


twc 
t 
tCW1 
• 


tCW2 


Notes: 


{1J A write cycle occurs during the overlap of a low CE1 and WE and a high CE2. 


[2J CE 1 or WE must be high or CE2 must be low during address transition. 


[3] 
If 6E Is high, the 110pins remain In high Impedance. 


tttlEC 


Timing Waveforms 
(cont) 


CE2-Contro/led 
Write Cycle 


~------------tAW 


twp 


Notes: 


[11 A write cycle occurs during the overlap of a low GE 1and WE and a high CE2. 


[2] GE1 or WE must be high or CE2 must be low during address transition. 


[3] 
If 6E Is high, the va pins remain in high impedance. 


Description 


The /LPD431001is a 1,084,576-word by 1-bit static RAM 
fabricated 
with 
advanced silicon-gate technology. A 


unique design that uses CMOS peripheral circuits and 
N-channel 
memory 
cells 
with 
polysilicon 
resistors 


makes the /LPD431001a high-speed device that requires 
no clock or refreshing. The /LPD431001is available in 
28-pin plastic SOJ packaging. 


Features 


o 1,048,576-wordx 1-bit organization 
o Single +5-volt power supply 
o Fully static operation-no 
clock or refreshing 


o TTL-compatible inputs and outputs 
o Separated data input and output 
o Three-state outputs 
o Power dissipation 


- 
120 mA max (active) 
- 
2 mA max (standby) 


o Standard 400-mil, 28-pin plastic SOJ packaging 


Access 
Time (max) 


25 ns 


35 ns 


Package 


28-pin plastic SOJ 
I'PD431001 LE-25 


LE-35 


Pin Configuration 


28-Pin Plastic SOJ 


AO 
A, 


A2 


A3 


A4 
AS 


NC 


AS 


A7 
As 


A9 
Dour 


WE 
GND 


Symbol 
Function 


Ao-A19 
Address inputs 


DIN 
Data input 


DOUT 
Data output 
~ 
Chip select 


WE 
Write enable 


GND 
Ground 


Vcc 
+5-volt 
power supply 


NC 
No connection 
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Absolute Maximum Ratings 


Power supply voltage, Vcc 


Input voltage, "'N (Note 1) 


Output 
voltage, VOUT 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


-0.5 to +7.0 V 


-0.5 to 
Vcc 
+ 0.3 V 


-0.5 to Vcc 
+ 0.3 V 


Oto 
+70"C 


-55 to + 125'C 


Exposure 
to Absolute 
Maximum 
Ratings for extended 
periods 
may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Not •• : 


(1) "IN = - 3.0 V minimum 
for 10 ns maximum 
pulse. 


Truth Table 
cs 
WE 


H 
X 


L 
H 


L 
L 


Function 


Not selected 


Read 


Write 


DOUT 


Hlgh-Z 


Output 
data 


Hlgh-Z 


lee 


Standby 


Active 


Active 


Note: 


(1) X = don~ care 


Input 
Data 


Control 


Capacitance 
TA = +25'C; 
f = 1 MHz (Note 1); V1Nand VOUT = OV 


Parameter 
Symbol 
Mln 
Typ 
Max 


Input capacitance 
CI 
6 


Output 
capacitance 
Co 
10 


Notea: 


(1) This parameter 
Is sampled and not 100,*, tested. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, low 
"IL 
- 0.5 
0.8 
V 


Input voltage, high 
"IH 
2.2 
Vcc 
+ 0.3 
V 


Ambient temperature 
TA 
0 
70 
'C 


Note: 


(1) \\L = - 3.0 V minimum for 10 ns maximum 
pulse. 


_vcc 


_GND 


Output 


Data 


Control 
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DC Characteristics 
TA = a to + lOCC; vcc 
= +5.0 V ± 10% 


Parameter 


Input leakage current 


Output 
leakage current 


Operating 
supply current 


Standby 
supply current 


Symbol 


III 


ILO 


Icc 


ISB 


ISB1 


VOL 


VOH 


Output voltage, low 


Output voltage, high 


Note: 


(1) Icc = 100 mA (max) for the I'PD431001-35. 


AC Characteristics 
TA = a to + lOOC; vcc 
= +5.0 V ± 10% 


Parameter 
Symbol 


Read Operation 


Read cycle time 
tRC 


Read access time 
tAA 


Chip select access time 
tACS 


Output 
hold from address change 
tOH 


Chip select to output 
in low-Z 
tCLZ 


Chip deselect to output 
in high-Z 
tCHZ 


Write Operation 


Write cycle time 
twc 


Chip select to end of write 
tcw 


Address valid to end of write 
tAW 


Address setup time 
tAS 


Write pulse width 
twP 


Write recovery time 
tWR 


Data valid to end of write 
tow 


Data hold time 
tOH 


Write enable to output 
in high-Z 
tWHZ 


Output active from end of write 
tow 


Notes: 


Max 
Unit 
Test Conditions 


2 
,.,A 
V1N= a V to Vcc 


2 
,.,A 
VOUT = a V to Vcc; ~ 
= VIH or WE = V1L 


120 
mA 
~ 
= V1L;tRC = tRC (min); lOUT = a mA (Note 1) 


30 
mA 
~ 
= "'IH; "'IN = "'IH or \\L 


2 
mA 
~ 
~ Vcc-0.2V; 
V1Ns 0.2Vor 
~ Vcc-0.2V 


0.4 
V 
IOL = 8.0mA 


V 
IOH = -4.0mA 


I'PD431 001-25 


Mln 
Max 


"PD431001-35 


Mln 
Max 


(Note 3) 


(Note 4) 


(Note 4) 


(Note 3) 


(1) Input pulse levels = GND to 3.0 V; input pulse rise and fall time 


= 5 ns; timing 
reference levels = 1.5 V; see figures 1 and 2 for the 


output 
load. 


(2) All read and write cycle timings 
are referenced from the last valid 


address to the first transitioning 
address. 


(3) The transition 
is measured 
±200 mV from steady-state 
voltage 


with the load shown in figure 2. 


(4) The transition 
is measured at VOL + 200 mV and VOH- 200 mV 


with the load shown in figu re 2. 


Figure 2. 
Output Lo.d for tCHa teLa tOaK.nd tWHZ 
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Timing Waveforms 


Address Access Cycle 
t 


t~ 


Address 


------- 
:=--==--==--==--==-~-tO=H=~--=~--=~--=~-~-------------- 


Notes: 


[1J WE Is held high for a read cycle. 


[2J The device Is continually 
selected, where Cs = V IL. 


Cs -l====--o----tcLz 
_t 


RC 


-. 
1 


Notes: 


[1I WE Is held high for a read cyde. 


[2] Address 
valid prior to or coincident 
with the low transition 
of CS. 
II 
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Timing waveforms 
(cont) 


WE-Controlled 
Write Cycle 


Notes: 


[1] Cs or WE must be high during address transition. 


[2] A write cycle occurs during the overlap of a low Cs and a low WE. 
[3J tWR is measured 
between Cs or WE, whichever 
rising edge occurs first, and the end of twe. 
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Timing Waveforms 
(cont) 


CS-Controlled 
Write Cycle 


Notes: 


[1J Cs or WE must be high during address transition. 


(2) A write cyde occurs during the overlap of a low Cs and a low WE. 


[3J tWRis 
measured 
between Cs or WE, whichever 
rising edge occurs first, and the end oflwe. 


Description 


The ",PD431004is a 262,144-word by 4-bit static RAM 
fabricated 
with 
advanced 
silicon-gate 
technology. 
CMOS peripheral circuits and N-channel memory cells 
with polysilicon resistors make the ",PD431004a high- 
speed device that requires very low power and no clock 
or refreshing. 


The ",PD431004 is available in standard 28-pin plastic 
SOJ packaging. 


Features 


o 262,144-wordx 4-bit organization 
o Single +S-volt power supply 
o Fully static operation-no 
clock or refreshing 


o TTL-compatible inputs and outputs 
o Common I/O capability 
o Low power dissipation 
- 
140mA max (active) 


- 2 mA max (standby) 


o Standard 28-pin plastic SOJ packaging 


Access 
Time (max) 


25 ns 


35 ns 


Package 


28-pin plastic SOJ 
"PD431004LE-25 


LE-35 


Pin Configuration 


28-Pin Plastic SOJ 


AO 
Vcc 


Al 
A17 
A2 
A16 
A3 
AIS 
A4 
A14 
AS 
A13 
A6 
A12 
A7 
An 


AS 
NC 


Ag 
VOl 


A10 
V02 
cs 
V03 


OE 
V04 


GND 
WE 


Symbol 
Function 


Ao - A17 
Address inputs 


1/01- 1/04 
Data inputs and outputs 


(:;S" 
Chip select 


WE 
Write enable 


GND 
Ground 


+5-volt power supply 


No connection 
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Absolute Maximum Ratings 


Supply voltage, Vcc 


Input and output voltages, VIN (Note 1) 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Power dissipation, 
Po 


- 0.5 to +7.0 V 


- 0.5 to Vcc 
+ 0.3 


o to +70·C 


- 55 to +125·C 


Exposure 
to Absolute 
Maximum 
Ratings for extended 
periods 
may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits 
specified 
under DC and AC Characteristics. 


Notes: 


(1) V1N= -3.0 V minimum 
for 10 ns pulse. 


Capacitance 
TA = 25·C; VIN and VOOUT = 0 V; f = 1 MHz (Note 1) 


Parameter 
Symbol 
Mln 
Max 


Input capacitance 
CIN 
6 


Output 
capacitance 
CDOUT 
10 


Notes: 


(1) This parameter 
is sampled and not 100% tested. 


Input 
Data 
Control 


Output 
Data 
Control 


Truth Table 


Function 
CS 
WE 
OE 
Input/Output 
lee 


Not selected 
H 
X 
X 
High-Z 
Standby 


Output 
di sable 
L 
H 
H 
High-Z 
Active 


Read 
L 
H 
L 
DOUT 
Active 


Write 
L 
L 
X 
DIN 
Active 


Notes: 


(1) X = don~ care. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, high 
VIH 
2.2 
Vcc 
+ 0.3 
V 


Input voltage, low 
VIL 
-0.5 
0.8 
V 


Operating 
temperature 
TA 
0 
70 
·C 


Notes: 


(1) VIL = -3.0 V minimum 
for 10 ns pulse. 


NEe 


DC Characteristics 
TA ~ 0 to + 70'C; vcc 
~ 
+5.0 V ± 10% 


Symbol 


III 


ILO 


Icc 


ISB 


ISB1 


VOL 


VOH 


Typ 
Max 
Unit 
Test Conditions 


2 
f.lA 
V1N ~ OVto 
VCC 


2 
f.lA 
VOUT ~ 0 V to Vcc; 
"CS ~ V1Hor WE ~ V1Lor DE 
~ V1H 


140 
mA 
"CS ~ V1L;tRC ~ tRC (min); IOOUT ~ 0 mA (Note 1) 


30 
mA 
"CS ~ V1H 


2 
mA 
"CS 2: Vcc - 0.2 V; VIN S 0.2 V or 2: Vcc - 0.2 V 


0.4 
V 
IOL ~ 8.0mA 


V 
IOH ~ -4.0mA 


Input leakage current 


Output 
leakage cu rrent 


Operating 
supply current 


Standby 
supply 
current 


Output voltage, low 


Output 
voltage, high 


Notes: 


(1) Icc 
~ 120 mA (max) for the "PD431004-35. 


AC Characteristics 
TA ~ 0 to +70'C; 
vcc 
~ 
+5.0 V ± 10% 


"PD431004-25 
"PD431 004-35 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Read Operation 


Read cycle time 
tRC 
25 
35 
ns 
(Note 2) 


Address access time 
tAA 
25 
35 
ns 


Chip select access time 
tACS 
25 
35 
ns 


Output 
hold from address change 
tOH 
5 
5 
ns 


Output 
enable access time 
tOE 
10 
15 
ns 


Output 
enable to output 
in low-Z 
tOLZ 
0 
0 
ns 
(Note 3) 


Output 
disable to output in high-Z 
tOHZ 
0 
10 
0 
15 
ns 
(Note 4) 


Chip selection 
to output in low-Z 
teLZ 
5 
5 
ns 
(Note 3) 


Chip selection 
to output 
in high-Z 
teHZ 
0 
10 
0 
15 
ns 
(Note 4) 


Write Operation 


Write cycle time 
twc 
25 
35 
ns 
(Note 2) 


Chip select to end of write 
tcw 
20 
30 
ns 


Address valid to end of write 
tAW 
20 
30 
ns 


Address setup time 
tAs 
0 
0 
ns 


Write pulse width 
twP 
20 
30 
ns 


Write recovery time 
tWR 
3 
3 
ns 


Data valid to end of write 
tow 
12 
20 
ns 


Data hold time 
tOH 
0 
0 
ns 


Write enable to output 
in high-Z 
tWHZ 
0 
8 
0 
10 
ns 
(Note 4) 


Output 
active from end of write 
tow 
0 
0 
ns 
(Note 3) 


Notes: 


(1) Input pulse ievels ~ GND to 3.0 V; input pulse rise and fall times 
(3) Transition 
is measured 
at ±200 mV from steady-state 
voitage 
~ 3 ns; timing 
reference levels ~ 
1.5 V; see figures 
1 and 2 for 
with the load shown in figure 2. 


output 
load. 
(4) Transition 
is measured at VOL + 200 mV and VOH- 200 mV with 
(2) All read cycle timings are referenced from the last valid address to 
the load shown in figure 2. 
the first transitioning 
address. 


7-115 


Figure 2. 
Output 
Load for tCHZ. tCLZ. tOHZ. tOLZ. tWHZ. and tow 


5V 
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Address 
t 
Ad_dr:~_c 
V_alld 
* 
_ 
_ 
l===-~tOH~t~~ 
__ 


DOUT 
PreviousDataValid 
DataValid 
-----------------~ 
~---------------- 


Notes: 


[1]WEis heldhighfora readcycle. 


[2J ThedeviceIscontinuallyselected,whereCs = 6E = VIL. 


DataValid 
High 
I 
Impedance 


~'~J~--I.-tPD-==L 


Vcc 
Supply 
Current 


Notes: 


[1 J WEis heldhighfor a readcyde. 


[2] Address 
valid prior to or coincident 
with the low transition 
of CS. 


[3J 6E -VIL. 
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Timing Waveforms (cont) 


Output Enable Access Cycle 


Address __ 
~~=========Ad=d::=V=a1id========l========== 


t>---------tAA 
..I 


Notes: 
[1JWE Is held high for a read cyde. 
[2JThe device is continually selectee, where CS = VIL. 


Notes: 


[1J CS or WE must be high during address transition. 
[2J 116E is high, the va pins remain in high Impecance. 
(3) During this period, the va pins may be active (OE low).Therefore, data 
Input signals of opposite polarity to the outputs must not be applied. 


~taw--j_ 


Hlghlmpeeance ~~7M~W~72 


ftt{EC 


Timing Waveforms 
(cont) 


C5-Controlled 
Write Cycle 


Address 
f 
-'EtAS.'. 


twc------------4..J'---- 


tcw 


Notes: 


[1J CS or WE must be high during address transitlon. 


[2J If DE is high, the va pins remain in high impedance. 


[3J During this period, the va pins may be active (DE low). Therefore, 
data 


Input signals of opposite 
poiarity to the outputs must not be applied. 
II 
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APPLICATION 
NOTE 50 


BATTERY BACKUP 


CIRCUITS 
FOR SRAMs 


The evolution 
of low-power, 
high-capacity, 
high-speed 


memory 
technologies 
has led the system designer 
to 


novel and highly 
portable 
computer 
designs. 
As tech- 


nology 
has advanced 
to 
low-power 
devices, 
it has 


become possible 
to make an entire system nonvolatile 


for the life of the product. 


To provide 
this nonvolatile 
function, 
secondary 
power 


sources 
are mounted 
on a printed 
circuit 
board con- 
trolled 
by a backup 
circuit 
that 
switches 
from 
the 
primary 
power 
to 
secondary 
power 
during 
power 


failures. 
The backup 
issue is considered 
as part of the 


overall 
system 
design, 
and the choice 
of a secondary 


power 
source 
and 
backup 
circuit 
are based on the 


unique 
characteristics 
of each application. 


This application 
note deals with the issues of providing 


a nonvolatile 
memory system. A review of the evolution 


of static RAMs (SRAMs) with regard to state-of-the-art, 
low-power 
SRAM technology 
is followed 
by an example 


of secondary 
power sources, as well as several sample 


backup 
circuit 
designs. 


SRAM Technology 


The 
SRAM 
historically 
has 
been 
used 
by 
system 


designers 
to 
provide 
a high-speed, 
low-power 
data 


storage 
function 
for a variety 
of computer 
architec- 


tures. 
The higher 
cost-per-bit 
compared 
to dynamic 


memories 
is offset 
by a simpler 
circuit 
design 
that 


features 
a nonmultiplexed 
address 
structure, 
simple 


timing 
signals, 
and no refresh requirement. 


Six-Transistor Cell 


The 
development 
of 
the 
SRAM 
memory 
cell 
has 


followed 
the trail of bipolar, 
NMOS, and CMOS tech- 


nologies 
in that large-capacity 
memory devices require 


minimal 
cell size, not only 
to reduce 
power 
require- 


ments, but also to be able to fit the die into the package. 


The static 
memory 
cell 
is basically 
a cross-coupled 


flip-flop 
circuit 
requiring 
no clocks or refreshing. 
Early 


six-transistor 
NMOS 
static 
memory 
cell 
designs 


employed 
the use of enhancement 
or depletion 
mode 


FETs as load devices. Figure 1 shows an example using 
depletion 
loads. 03 and 04 are depletion-type 
devices 


fabricated 
such that they are always conductive 
when 


their 
respective 
gate and source 
nodes 
are shorted 


together. 
If the 
gate 
of enhancement 
device 
02 
is 


written 
to a low level using 
05 and the data line, 02 
turns off. This allows 
load device 04 to pull its source 


node high and turn 
on 01; the write 
operation 
using 


06 also helps this action. 
The cell is designed 
so that 


01 has much lower "on" 
resistance 
than its load 03. 


After the write operation 
ends, and 05 and 06 are off, 


01 keeps its drain node at a low level to maintain 
02 in 


the off state, while the drain node of 02 is maintained 
high by 04. The stored voltages 
are stable. 


II 
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Four-Transistor Cell 


As NMOS technology 
evolved, 
the active 
device for 
the load was replaced 
with polysilicon 
resistors 
(see 
figure 
2). With the polysilicon 
load 
resistor, 
current 
levels of less than 
1 nA are achievable. 
Because 
of 
these 
low-current 
levels, 
the 
cell 
can 
be used 
in 
advanced 
SRAMs with very high memory density and 
low standby 
current. 
NEC uses this technology 
in its 
low-power 
family 
of SRAMs to facilitate 
their 
use in 
battery 
backup 
applications. 
This type of core cell is 
used in both NMOS and CMOS SRAMs from NEC. 


CMOS 
technology, 
with 
its high-speed, 
low-power 


characteristics, 
makes an attractive choice for memory 
backup systems. 


In figure 3,01-03 
and 02-04 
form two CMOS inverters 
that are cross-coupled 
to form the conventional 
flip- 
flop of the SRAM cell. Unlike the enhancement 
or poly- 
silicon 
resistor 
cells, the CMOS cell does not have a 
dc current 
path (other 
than leakage) 
in either 
of its 
quiescent 
logic 
states. 
While 
the potentially 
lower- 
leakage and wider-voltage 
operating 
range makes the 
six-transistor 
CMOS 
cell 
very 
desirable 
for 
battery 
backup operation, 
the large die area required 
makes it 
less competitive 
in cost and memory density. 
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Battery Backup Concept 


The 
goal 
of a memory 
backup 
system 
design 
is to 


guarantee 
memory 
data retention 
for days, months, 
or 


years. In the past, these memory 
backup circuits 
were 


implemented 
as part of the computer's 
power supply 


circuit. Today, the memory backup function 
is designed 


as part of the individual 
memory 
circuit, 
where each 


provides 
a constant 
secondary 
(backup) 
power source 


and the necessary 
circuitry 
to detect 
power 
failures 


and isolate 
the main power 
supply 
from 
the backup 


power 
source 
(battery). 
The 
battery 
backup 
circuit 


must be an integral 
part of printed circuit 
board layout. 


Furthermore, 
SRAM technology 
must be able to guar- 
antee the requirements 
of the memory 
battery backup 


function. 
The following 
sections 
discuss 
in detail 
the 


aspects of memory battery backup circuit 
design using 


NEC's low-power 
SRAM technology. 


A typical functional 
block diagram for a memory battery 


backup 
system 
is illustrated 
in figure 
4. The power 


supply converts 
ac voltage into a regulated 
dc voltage, 


which powers all of the system components 
(Vee). The 


power 
supply 
monitor 
circuit 
detects 
a power failure 


and generates an interrupt 
to the CPU. This circuit 
also 


signals 
the memory 
circuit 
to deselect 
the 
memory 


array, 
thus 
protecting 
the 
memory 
from 
false 
CPU 


commands. 
The power supply 
monitor 
circuit 
may be 


centralized 
to the power 
supply 
or decentralized 
to 
each memory 
circuit. 


On the memory 
circuit, 
power 
failure 
is sensed 
by a 


voltage-detector 
circuit, 
which 
isolates 
the 
system 


power 
from 
the memory 
power, allowing 
the backup 


battery to become active. 


Voltage Detector 
Memory Power [VCCM] 


and 
Isolation Circuit 
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Backup Battery Selection 


Battery Type 


Nickel-cadmium 
batteries 
and lithium 
batteries 
were 
compared 
for use in a memory 
battery 
backup 
appli- 
cation. Although 
nickel-cadmium 
batteries have been a 
popular 
choice 
for this application, 
recent years have 
seen 
the 
development 
of 
lithium 
batteries. 
Some 


characteristics 
of 
these 
two 
types 
of 
batteries 
are 


contrasted 
in table 1. For additional 
comparison, 
the 


characteristics 
of current 
drain versus operating 
time 


for nickel-cadmium 
and lithium 
batteries 
are shown in 
figures 
5 and 6, respectively. 


Since lithium 
batteries 
provide 
a constant 
current 
for 


up to 10 years in this type of low-power 
application, 


they were chosen over nickel-cadmium 
for this design 


example. 
A single 3-volt lithium 
battery is adequate for 


most CMOS 
SRAM applications. 
If higher 
voltage 
is 


required, 
batteries 
may be connected 
in series. 


Physical 
characteristics 
of a battery 
are determined 


by the 
manufacturer 
according 
to common 
system 


requirements. 
The designer 
must select a battery of the 
proper 
size and shape 
to meet the requirements 
of 
printed 
circuit 
board technology. 
Such 
requirements 
may include 
terminal 
connections 
and solderability. 


Table 1. 
Lithium 
Versus Nickel-Cadmium 
Battery 
Characteristics 


Characteristic 
Lithium 
Nickel-Cadmium 


Shelf 
life 
10 years 
6 months 


Rechargeable 
no 
yes 


Energy 
density 
5000 mAh' 
4000 mAh' 


Cost 
moderate 
moderate 


PCB-compatible 
yes 
yes 


"milliampere 
hours 


Figure 5. 
Current 
Drain 
Versus Operating 
Time- 


Nickel 
Cadmium 
Battery 
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Figure 6. 
Current 
Drain 
Versus Operating 
Time- 


Lithium 
Battery 
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Battery Capacity 


Battery capacity 
defines the current 
drive of the battery 


over a period 
of time, measured 
in milliampere 
hours 


(mAh). 
Required 
capacity 
of the battery 
selected 
for 


the memory 
backup circuit 
can be determined 
from the 


following 
formula: 


Current required (mA) x time in backup mode (hours/day) x 365 
days/year x number of years 


Figure l 
Lithium 
Discharge 
Characteristics- 


=20jJA 
Load 


~ 
~ 
2.0 
~ 
o> 1.5 


Battery 
capacity 
is affected 
by temperature, 
humidity, 


and load conditions. 
The designer 
must ensure 
that 


these 
conditions 
do 
not 
degrade 
the 
operating 
life 


(discharge 
characteristics) 
of the battery. 
Figures 
7 


and 8 show the effects of temperature 
and load current 


variations 
on lithium 
battery discharge 
characteristics. 


Figure 8. 
Lithium Discharge 
Characteristics- 
=8.5mA 
Load 
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Design Example 


This section presents and documents 
a detailed battery 
backup design example. The discussion 
encompasses 
SRAM 
memory 
array 
design, 
current 
and 
voltage 
requirements, 
voltage-detector 
and isolation 
circuitry, 


and memory 
protection 
design considerations. 


SRAM Memory Array 


For 
the 
battery 
backup 
design 
example, 
NEC's 
pPD43256A-15LL 
(a CMOS-fabricated, 
150-ns SRAM 
memory 
device) 
is used to implement 
the memory 
array, 
configured 
as 
32K 
by 
32 
bits 
using 
four 
32K x 8-bit 
memory 
devices 
(figure 
9). The memory 
array's 
interface 
of common 
address 
lines, common 
I/O lines, and control 
signals are asserted by control 
logic 
common 
to all 
devices. 
However, 
the 
power 
supply 
connection 
to 
the 
memory 
array 
requires 
special consideration. 
The power plane of the memory 
array must be isolated from the system power supply 
to 
ensure 
that 
the 
backup 
battery 
drives 
only 
the 
memory 
array 
(see 
"Voltage-Level 
Detector 
and 
Isolation 
Circuit 
Design"). 


Current and Voltage Requirements 


The first task for the designer 
is to define the required 
battery capacity. Table 2 shows data retention 
charac- 
teristics 
for thepPD43256A 
SRAM. The maximum data 
retention 
current 
for this device is 20 pA at 0 to lO°C. 
For a circuit 
with four memory 
devices, total memory 
array current 
is 4 x 20 pA = 80 pA. 


cs 


OE 


WE 


100-1031 


The battery's 
operating 
period 
is assumed 
to be 10 
years at 12 hours-per-day. 
Using the formula 
shown 
under "Battery 
Capacity," 
the required 
capacity 
of the 
battery can be derived from this calculation. 


Requirements 
for the data 
retention 
voltage 
of the 
pPD43256A 
SRAM are defined 
in table 2, while figure 
10 shows timing 
requirements 
for data retention 
with 
respect to the CS chip select signal. 


Table 2. 
pPD43256A 
SRAM Data Retention 
Characteristics 


Limits 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


Data retention 
VCCOR 
20 
5.5 
V 
CS ~ VCC- 0.2 V 
supply voltage 


Data retention 
ICCOR 
50 
I'A 
~C =3.0 
V; 


supply current 
~ VCC- 0.2 V 


(Notes 1,2) 


Chip deselection 
tCOR 
0 
ns 


to data retention 


Operation 
tR 
tRC 
ns 
recovery 
time 


Notes: 


(1) I'PD43256A-LL: 
ICCDR = 20l'A 
(max) for TA = 0 to 70·C and 
31'A (max) for TA= 0 to 40·C. 


(2) I'PD43256A-L: ICCDR = 151'A (max) for TA= 0 to 40·C. 
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VCC 
4'5V~- 
~:: ~_at~:::'~~M~R:=__ 


~H-- 
--- 
------~ 
------- 


VCCDR- 
---- 
---- 


CS 
V,L 
Cs 20VCC - 0.2 V 


GND-------------------------- 


Note: 
[1] The other inputs [Addresses,OE, WE,I/Os] can be in a 


high-impedance 
state. 


Battery 
Protection. 
Figure 
11 shows the battery 
por- 


tion of the memory battery backup circuit. 
This portion 


of the circuit 
must be designed 
to provide the required 


data 
retention 
voltage 
and energy 
capacity 
for 
the 


memory 
backup function, 
yet protect 
the battery from 


reverse 
(charging) 
current. 
The 
diode 
and 
resistor 


shown in figure 
11 were selected to protect the battery 


according 
to UL standards. 


Since lithium 
batteries 
are not rechargeable, 
current- 


limiting 
protection 
must 
be provided 
to control 
the 


amount of current from the main power supply. Forthis 
purpose, the designer 
must select a diode that protects 


against 
charging 
current, 
yet provides 
sufficient 
volt- 


age for memory 
battery backup. 


The UL-allowable 
charg ing cu rrent for a Iithiu m battery 


is specified 
as 1% of the battery 
capacity, 
calcu lated 


as follows: 


1% x capacity 
of battery 
(mAh) 
-;- (amount 
of time charging 
may 
occur (hours/day) 
x 365 days/year 
x number of years) 


In 
this 
design 
example, 
a 
minimum 
capacity 
of 


3504 mAh is required. The closest standard-size 
lithium 


battery 
has a capacity 
of 5000 
mAh. 
The 
allowed 


charging 
current 
of this battery for a 10-year period 
is 


calculated 
in this way: 


1% x 5000 mAh -;- (12 hours/day 
x 365 days/year 
x 10 years) = 1.1pA 


Therefore, 
the diode 
selected 
to protect 
the battery 


must have a maximum 
reverse leakage current 
rating 


of 
1.1 IJA. To maintain 
the 
required 
data 
retention 


voltage 
at the memory 
device, 
a diode 
with 
a small 


forward-voltage 
drop 
must 
be selected. 
A Schottky 


diode, with a forward-voltage 
drop of 0.2 volt, provides 


a 2.7-volt 
battery 
backup 
voltage 
and also meets the 


reverse leakage current 
specification 
for this circuit. 


According 
to UL standards, 
the battery 
must also be 


protected 
against charging 
current 
in case the protec- 


tion 
diode 
is damaged. 
The designer 
must select 
a 


cu rrent-l imiting resistor for th is pu rpose. Resistor val ue 
is determined 
according 
to this formula: 


(Vcc - VSattery) -;- maximum 
charging 
current 


UL standards 
specify a maximum 
charging 
current 
of 


5 mA. Therefore, 
for the circuit 
in this design example, 


the minimum 
resistor value is specified 
as follows: 


(5.5 - 3 V) -;- 5 mA = 500 n 


Selecting 
the aforementioned 
Schottky 
diode 
and a 


standard 
10% resistor value of 560 n would guarantee 


minimum 
data retention 
voltage for the battery backup 


circuit. 
Total voltage drop across the protection 
diode 


and 
current-limiting 
resistor 
is equal 
to 0.245 volt, 


which 
provides 
a memory 
backup 
voltage 
of 2.755 


volts-well 
above the minimum 
data retention 
voltage 


of 2 volts. 


13-V Lithium Battery 
II 
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Voltage-Level 
Det ctor and Isolation 
Circuit Design 


The designer 
must also determine 
the best method 


for 
detecting 
power 
failures 
and isolating 
the main 


power 
supply 
from 
the 
backup 
battery. 
The 
circuit 


designed 
for these functions 
must fulfill 
two require- 


ments: 1) sustain 
maximum 
operating 
current 
for the 


memory 
array, 
and 
2) 
provide 
isolation 
protection 


during 
battery backup operation. 
Several design alter- 
natives for voltage-level 
detector 
and isolation 
circuits 


are discussed 
in this section. 
The standards 
of com- 


parison between these circuits are relative simplicity 
of 


design and voltage drop of the isolation 
element. 


Note: 
In applications 
that are subjected to brownouts or 
extreme temperatures, these voltage-level detector 
and 
isolation 
circuits 
will 
minimize 
unnecessary 
cycling of the backup battery. However, considera- 
tions must be made to protect the memory devices 
from unstable circuit 
conditions, 
especially during 


power failure. For a discussion of memory protection 
under these circumstances, refer to "System Power 
Failure Design Considerations," following this section. 


The designer 
must first determine 
maximum operating 


current of the memory array. Since maximum operating 
current for the pP043256A 
SRAM is specified 
as 35 mA, 
total 
operating 
current 
is calculated 
as 4 x 35 mA = 
140 mA for the memory 
array in this design example. 


Diode Isolation Circuit. 
The diode isolation 
circuit 
in 


figure 
12 provides 
a simple 
approach 
to 
memory 


battery 
backup. The isolation 
diode (01) must be able 


to sustain 
the maximum 
memory 
operating 
current, 


yet minimize 
voltage skew between 
Vcc 
and VCCM by 


limiting 
forward-voltage 
drop. 
A large voltage 
skew 


could 
cause 
illegal 
conditions 
to occur 
in normal 


system 
operations. 
A typical 
silicon 
diode 
with 
a 


forward-voltage 
drop of 0.7 V at a 140-mA load current 


would 
provide 
a large voltage 
skew between 
Vcc 
and 


VCCM· Since SRAM VCC is 0.7 V less than the level of a 
logic 
signal 
from a device not in the backup 
system, 
Vcc 
would 
have to be adjusted 
to a nonstandard 
level 


of 5.7 V to maintain 
VCC at 5 V. 


In contrast, 
a Schottky 
diode 
typically 
provides 
a 


forward-voltage 
drop of 0.2 V at a 3-A load current. This 


low voltage drop minimizes voltage skew and maintains 
logic input 
levels to within 
0.2 V of Vcc, 
which 
makes 


the Schottky 
diode an ideal choice for the diode isola- 


tion circuit. 


Voltage-level 
Detector 
Circuit. 
The 
diode 
isolation 


circuit 
provides a simple means of battery backup, 
but 


some applications 
may require a circuit 
that minimizes 


voltage 
skew and has a more defined 
threshold 
level. 


The voltage-level 
detector 
circuit 
shown 
in figure 
13 


would 
allow 
the 
designer 
to 
fulfill 
these 
system 


requirements. 


The voltage-level 
detector 
circuit 
isolates 
the supply 


voltage 
from 
the memory 
voltage 
when 
the voltage 
level falls below 
Vcc 
minimum. 
Threshold 
voltage 
is 


specified 
by using a zener diode in the voltage-divider 


circuit 
of figure 
13. Care must be taken to ensure that 


marginal 
Vcc 
levels do not cause unnecessary 
cycling 


of the backup battery. 


vcc 
••. 


~1 
Isolation 
Diode 


(Schottky Diode I 
D2 (Schottky Diode) 
[0.2 VI 


R1 5600 
[0.045 VI 
I 3-V Lithium Battery 


Vcc 


System 
Power 


VCCM 


To Memory 


D1 
Array 
Z1 
IN4686 
3.9 V 
R1 
160 kO 


3-V Lithiumr~" 
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The 
voltage-level 
detector 
circuit 
consists 
of zener 


diode 
Z1, switching 
transistor 
01, and the R1 and R2 


voltage-divider 
network. 
The collector 
of 01 is con- 


nected 
to the base of 
PNP isolation 
transistor 
02, 
isolating 
Vcc from 
VCCM when the VCC voltage 
level 


falls 
below 
threshold. 
Threshold 
voltage 
(VTH) 
is 


determined 
by VTH = 
Vz + VSE1, where 
Vz is zener 


voltage 
and VSEl is the base-to-emitter 
voltage drop of 


01. The threshold 
voltage 
in figure 
13 is 3.9 + 0.6 V = 
4.5 V, which 
is the 
specification 
for 
minimum 
Vcc. 
When 
Vcc 
drops 
below 
minimum 
specification, 
the 


zener diode operates 
in its forward-voltage 
region, and 


no base current 
flows 
into 01. 01 
is then forced 
into 


cutoff. 
With 01 in cutoff, 
no base current 
flows into 02, 
consequently 
forcing 
02 into cutoff 
and isolating 
Vcc 
from VCCM. 


Isolation 
transistor 
02 must be capable 
of supplying 
a 


maximum 
memory 
operating 
current 
of 140 mA and 


also must provide 
a minimum 
VSATto reduce 
voltage 


skew. 
The 
PNP 
2N2907 
medium-power 
transistor 


chosen forthis 
application 
can drive up to 150 mA with 


a dc gain 
range 
of 100 to 300. The 
maximum 
base 


current 
needed to turn on 02 is calculated 
as follows: 


IS02 = IC02 -'- hIe = 140mA-'-100= 1.4mA 


Since the base of 02 is connected 
to the collector 
of 


01, and IS02 = IC01, 01 must be capable 
of driving 
a 


collector 
current 
of 1.4 mA or greater. The choice 
for 


01 
is an NPN 2N3904, 
a general-purpose 
transistor 


with an Ic maximum 
of 10 mA and an hIe of 100. The 


base current 
needed 
to turn 
on 01 is calculated 
at 


3 mA -;- 100 = 30 JiA, which 
is much 
less than 
the 


maximum 
Is01 provided 
by the R1-R2 network. 
The 


voltage 
divider 
R1-R2 
must 
also 
forward-bias 
the 


base-emitter 
junction 
of 01 to allow 
the transistor 
to 


operate 
in its active region. The voltage at the 01 base 


Zl 
R3 


lN5221 
2.4V 
13.7kO 


node 
is 4.1 volts, 
which 
keeps 
01 
turned 
on 
until 


threshold 
voltage 
is reached. 


The 
circuit 
in figure 
13 was characterized, 
and 
the 


relationship 
between 
the input and output 
voltage 
for 


two 
output 
loads 
is shown 
in figure 
14. At an input 


voltage 
level of 4.5 V, the output 
voltage 
maintains 
a 


voltage 
level higher 
than the minimum 
data retention 


voltage 
of 2 V. 


Schmitt 
Trigger Voltage-Level 
Detector. 
The voltage- 


level detector 
circuit 
is an improvement 
over the diode 
isolation 
circuit. 
However, the threshold 
point is sensi- 


tive to variations 
in 01 gain, and could 
cause oscilla- 


tions 
around 
the trigger 
point, 
draining 
the backup 


battery. 
The circuit 
shown 
in figure 
15 reduces 
thres- 


hold 
sensitivity 
by adding 
an operational 
amplifier, 


thereby 
improving 
threshold 
margin 
by introducing 


hysteresis 
into the threshold 
region. 
This comparator 


circuit 
is commonly 
referred 
to as a Schmitt 
trigger. 


VCCM [System) 


Rl = 100 0 


Test Conditions: 


(1) VIN = 0 to 5.5 V 


[2J Load resistance = 100 0 or 100 kO 


R8 
5600 


3-V 
Lithium 
Battery 


II 
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The noninverting 
input of the jlPC358 
is connected 
to 
a reference-voltage 
network 
consisting 
of R4 and R5. 
This 
reference 
voltage, 
when compared 
to the input 
voltage 
on the inverting 
input, 
determines 
when the 
output 
of 
the 
operational 
amplifier 
will 
transition. 
If a loop gain in excess of unity is chosen, the output 
waveform 
continues 
to be virtually 
discontinuous 
at 
the comparison 
voltage. 
However, 
at this point, 
the 
circuit 
would exhibit a phenomenom 
called hysteresis. 
Hysteresis 
voltage 
is determined 
by the resistor 
net- 
work of R4 and R5. 


Figure 16 illustrates 
the response of the Schmitt trigger 
voltage-level 
detector 
circuit 
to 
the 
input 
signals 
connected 
to the noninverting 
input 
of the jlPC358. 
When 
the 
input 
voltage 
reaches 
the value 
V1, the 
output 
goes high, 
and when the input 
is at V2, the 
output 
transitions 
to the 
low 
state. 
The 
difference 
between 
the 
input 
signals 
(V1 - 
V2) is called 
the 
hysteresis 
voltage 
(VH). Therefore, 
the threshold 
volt- 
age is dependent 
upon two input values, increasing 
the 
threshold 
sensitivity 
by the difference 
between the two 
voltages. 
For the circuit 
in figure 
15, VH is equal to 
0.34 V. This circuit 
provides 
the best response 
of the 
three backup circuits, 
but at a cost of increased device 
count. 


The circuit 
in figure 
15 was characterized, 
and the 
relationship 
between input voltage and output voltage 
for a 100-kO output load is shown in figure 17.When the 
input voltage 
reaches 4.5 V (V1), the output 
voltage is 
set at a level higher than the minimum 
data retention 
voltage. 
Output 
voltage 
does not change 
until 
input 
voltage 
reaches a value of 4.1 V (V2). 


System Power Failure Design Considerations 


As shown 
in figure 
18, Vcc decays slowly after power 
failure, providing 
time for an orderly system shutdown. 
Even during 
an orderly 
shutdown, 
the system 
may 
generate spurious 
memory commands, 
causing viable 
data to be overwritten. 
The designer can use the status 
signal generated by the system's power supply monitor 
circuit 
to protect 
the memory 
from false CPU com- 
mands after power failure. 
(The power supply monitor 


circuit 
is shown as part of the memory battery backup 
system in figure 4.) 


Figure 
16. 
Response of the Schmitt 
Trigger 


to an Arbitrary 
Signal 


Test Conditions: 


[11 VIN = 0 to 5.5 V 


[2] Load resistance = 100 kO 


rSWitCh 
to battery[2.8V) 


" 
VCCM 


.......................................... 


~EC 


The power supply 
status signal 
(Power 
OK) remains 


inactive 
during 
the entire time Vcc is off to force the 


output of the NAND gate to remain inactive (high). This 
status 
signal 
also 
is sent to the 
NAND 
gate 
of the 


memory circuit 
("Power OK" in figure 19). The memory 


circuit 
"ands" 
this status signal with the other control 


signals 
and deselects 
the memory 
array 
before 
any 


false commands 
are generated. 


Once 
the 
backup 
circuit 
has 
taken 
over 
and 
the 


memory 
array 
has 
been 
deselected, 
CS 
must 
be 


maintained 
at Vcc - 
0.2 V. The 10 kO resistor 
ensures 


that the requirement 
for CS ~ VCCM 
- 
0.2 V is met. 


If a power supply 
monitor 
circuit 
is not provided, 
the 


designer 
may design one. The circuit 
shown 
in figure 


20 uses a voltage-level 
detector 
design to detect when 


Vcc 
falls 
below 
4.5 V. This 
circuit 
is similar 
to the 


voltage-level 
detector circuit used in the battery backup 


design 
example. 
Rather 
than 
control 
an 
isolation 


transistor, 
this power supply monitor 
circuit 
generates 


a power 
supply 
status 
signal 
(Power 
OK) 
to 
the 


memory 
select logic. 


The circuit 
shown in figure 20 is subject to oscillations 


due to variations 
in 01 gain 
and 
limited 
threshold 


margins. The addition 
of a Schmitt trigger to the power 


supply 
monitor 
circuit 
(figure 
21) increases 
threshold 


margins 
by introducing 
hysteresis 
into the threshold 


region. The amount 
of hysteresis 
is determined 
by the 


values of R4 and R5. When input 
voltage 
falls below 


4.5 V, the circuit 
generates 
a low signal 
(Power OK) to 


the 
memory 
select 
logic, 
and 
the 
memory 
array 
is 


deselected. 
Power OK remains low, because R5 pulls it 


down as long as Vcc is off. 


Memory Select 
Memory Cycle 


Power OK 


Figure 21. 
Power Supply Monitor 
Circuit 
With 
Schmitt 
Trigger 


2.5 V 
R3 
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Supercaps are an innovative type of capacitor provid- 
ing a volumetric 
efficiency 
(Le., capacitance 
per unit 


volume for a given voltage) of 10 to 50 times that of 
conventional 
aluminum electrolytic 
capacitors. 
High 


capacitance 
(2.2 million /IF) and low leakage current 


make the supercap 
an efficient, 
reliable and cost- 


effective energy storage device. 


In 1879,the theory of electric double-layer capacitance 
was introduced 
by Helmholtz, but the first 
electric 


double-layer capacitor 
using solid electrolyte 
wasn't 


developed until 90 years later, a gap caused in part by 
a lack of proper materials. In 1979, NEC introduced its 
electric double-layer supercapacitor, nicknamed super- 
cap, and with it a new manufacturing technology and 
newly developed construction 
materials. 


Today NEC manufactures an extensive line of super- 
caps to meet a variety of demands. Forexample, large 
current backup is provided by our FA- and FE-series, 
small current backup by our FY-series, moderate cur- 
rent backup by the FS-series, and wide operating mar- 
gins by the FR-series. 


Theory of Operation 


At each interface (figure 1), an array of charged parti- 
cles and induced charges is thought to exist. This array 
is known as an electric double layer. The large capaci- 
tance of an electric double-layer capacitor arises from 
the charge stored at the interface as the electric field 
changes across two available phases. In a supercap, 
one phase consists of activated carbon particles and 
the other of sulfuric acid solution as an ionically con- 
ducting electrolyte. 
In general, the relationship of the 


charge per unit area (11) and the double-layer potential 
(cf» 
is reflected by the following equation: 


11= [d / (4rr6)) 
x cf> 


where d is the dielectric 
constant 
of the interface 


media and {) is the mean distance between the solid 
surface (polarizable 
electrode) and the ionic center. 


The value of (, is a few angstroms. In the Helmholtz 
model, the potential gradient exists only in the area of 
the electric double layer.As a result, the potential curve 
is as shown in figure 1. 


I 


I 
/I 
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If <Po represents <P when no external bias is applied, 
then the calculation is expressed this way: 


'10 = [d I (4rrO)] x <Po 


Conversely, some charges are accumulated 
at the 
interface if an external electric field is applied to the 
system shown in figure 1. In this case, the potential 
rises to <P1 and the charge of'11can be accumulated as 
shown by this equation: 


'11 = [d I (4rrO)] x (2<P1 - <Po) 


The charge equivalent to '11can be accumulated 
by 
changing the external electric field, as follows: 


'11== 2'70(<P1 I <Po), where (<P1 ~ <Po) 


The experimental result, using mercury as a polarizable 
electrode, shows a 20 to 40 pF/cm2 value. Therefore, if 
the activated carbon behavior is the same as that of 
mercury, the capacitance for a capacitor consisting of 
activated 
carbon 
with a 1,000 m2/g 
surface area is 
calculated to be 200 to 400 Fig, a very large value. Inthis 
way, a device with large capacitance and small size can 
be easily manufactured. 


The cross section of a unit cell is shown in figure 2. The 
activated 
carbon 
particles 
moisturized 
(semi-liquid 
state) by diluted 
sulfuric acid electrolyte 
are segre- 


gated by a porous, ion-permeable separator. The unit 
cell is sealed by the electroconductive 
polymer and a 
nonconductive 
rubber gasket, which are vulcanized 
simultaneously. No adhesive glue is used for the seal. 
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The breakdown voltage of the unit cell can be as low as 
1.2 volts (thermodynamically), 
which is the decompo- 


sition voltage of aqueous electrolyte solution. There- 
fore, several unit cells are stacked in series to get the 
required rated voltage (figure 3). 


Performance 


Supercaps 
have 
no 
standard 
specifications 
from 


groups such as the EIA and, accordingly, are specified 
by individual 
manufacturers. 
For example, NEe has 


specifications 
to cover the following: 


• Operating temperature 
• 
Maximum working voltage 
• Capacitance 
• Capacitance tolerance 
• Equivalent series resistance1 (ESR) 
• Charging (leakage) current at 30 minutes 
• Voltage holding characteristics 
• Temperature characteristics 
• Lead terminal strength 
• Vibration 
• Solderability 
• 
Resistance to soldering heat 
• Temperature cycling 
• 
Humidity 
• 
Load life 


Detailed information can be found in the data sheets for 
each series. 


Note: 
[1] Due to relatively high ESR, supercaps may be unsuitable 
for 


filtering applications. ESR involves different resistance factors in 
the electrolyte, the activated 
carbon particles, 
the carbon to 


electroconductive 
polymer contacts, and the contacts between 


cell units, among others. 


Calculating Required Supercap Size 


When the required backup current is on the order of 
miliamps or more, size is determined as shown in figure 
4. When backup current is on the order of microamps or 
less, figure 5 applies. Keep in mind that the curves in 
figure 5 are approximations 
and actual backup time 


may vary. 


NEe 


Figure 4. 
Relationship Between Voltage and Time 
While the Supercap is Charging and 
Discharging 
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(V) 


(3) V min 
= Minimum working voltage for loads (V) 


(4) 
tN 
= Eo -Vmin 
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Applications 


Supercaps typically are used as 


• 
Backup power during primary outages 
• 
Backup 
power 
during 
voltage 
drops 
caused 
by 
heavy loads 
• 
Backup sources to primary batteries 


As battery backup sources for the microcomputer and 
memory devices found in VCRs, AM-FM tuners, cam- 
eras and hand-held computers, their primary function 
is to prevent errors in operation during power outages 
(figure 6). Until recently, batteries or electrolytic capac- 
itors have been used, but because batteries have to be 
replaced or recharged and aluminum capacitors 
are 


too large, supercaps 
are an excellent alternative to 


traditional backup technologies. 


For Protection 
of 


Power Source 
(Not Supercap) 


Features 
Supercaps 
NI-Cd Batteries 


Operating 
temperature 
-40 to 85°C 
-20 to 65°C 


Working voltage 
5.5V and 11 V 
1.2 V 


Capacitance 
210 


Charging 
time 
Several seconds 
Several hou rs 


Charging 
current limitations 
None 
Limited 


Charge/discharge 
cycles 
Infinite 
(more than 1Q5times) 
300 to 500 times 


Reflow soldering 
Applicable 
Not applicable 


Materials 
safety 
No noxious materials 
Cadmium 


Lithium 
Batteries 


-20 to 6Q°C 


3V 


360 


Aluminum 
Electrolytic 


Capacitors 


-40 lo 85°C 


Over 6.3 V 


0.01 


Not applicable 


No noxious materials 


Several seconds 


None 


Infinite (more than 1Q5times) 


Applicable 


No noxious materials 


Notes: 


(1) Capacitance 
is shown as a ratio to the supercap's electric charge 


per unit volume. 


Backup 
Source 


Ni-Cd Battery 


Advantages 


Rechargeable 


Large capacity 


Oi sadvantages 


Noxious materials 


Must be replaced every 6 months to 2 years because of limited 
charge/ 


discharge 
cycles 


Needs protection 
against rapid charging 


May be broken by shorting 
terminals 
after charging 


Unsuitable 
for high current applications 


No reflow soldering 


Not rechargeable 


Small capacitance 


NEe 


Vcc 


CS 
CS 
CS 
cs 
ISupercap 
RAM 
RAM 
RAM 
RAM 


GND 
GND 
GND 


Y7 
Vcc 
A 


Y6 
B 
Ys 


Y4 
C 
To CPU 
Decoder 


,"OOM.MM 
{ 


Y3 
G, 


Y2 


Y, 
G2A 


Yo 
G2B 
GND 


II 
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ECLRAMs II 


Section 8 
ECLRAMs 


IlPB10422 
256 x 4-Bit 10K ECl RAM 


IlPB10470 
4,096 x 1-Bit 10K ECl RAM 


IlPB10474 
1,024 x 4-Bit 10K ECl RAM 


IlPB10474A 
1,024 x 4-Bit 10K ECl RAM 


IlPB10474E 
1,024 x 4-Bit 10K ECl RAM 


IlPB10480 
16,384 x 1-Bit 10K ECl RAM 


IlPB10484 
4,096 x 4-Bit 10K ECl RAM 


IlPB10484A 
4,096 x 4-Bit 10K ECl RAM 


IlPB10A484 
4,096 x 4-Bit 10K ECl RAM 


IlPD10500 
262,144 x 1-Bit 10K BiCMOS ECl RAM 


IlPD10504 
65,536 x 4-Bit 10K BiCMOS ECl RAM 


8-1 
IlPB100422 
8-69 


256 x 4-Bit 100K ECl RAM 


8-7 
IlPB100470 
8-75 


4,096 x 1-Bit 100K ECl RAM 


8-13 
IlPB100474 
8·81 


1,024 x 4-Bit 100K ECl RAM 


8·19 
IlPB100474A 
8·87 


1,024 x 4-Bit 100K ECl RAM 


8-25 
IlPB100474E 
8·93 


1,024 x 4-Bit 100K ECl RAM 


8-33 
IlPB100480 
8-99 


16,384 x 1-Bit 100K ECl RAM 


8-39 
IlPB100484 
8-105 


4,096 x 4-Bit 100K ECl RAM 


8-45 
IlPB100484A 
8-111 


4,096 x 4-Bit 100K ECl RAM 


8-51 
IlPB100A484 
8-117 


4,096 x 4-Bit 100K ECl RAM 


8-57 
IlPD1OO500 
8-123 


262,144 x 1-Bit 100K BiCMOS ECl RAM 


8-63 
IlPD100504 
8-129 


65,536 x 4-Bit 100K BiCMOS ECl RAM 


Description 


The I4PB10422is a very high-speed 10K interface ECL 
RAMorganized as 256words by 4 bits and designed with 
noninverted, open-emitter outputs and low power con· 
sumption. Two versions with fast access times of 7 and 
10ns maximum are available in 24-pin ceramic DIP 
packaging. 


Features 


o 256-word x 4-bit organization 
o 10K ECL interface 
o Noninverted, open-emitter outputs 
o Fast access times 
o Low power consumption 
o 24-pin ceramic DIP packaging 


Ordering Information 


Access 


Part Number 
Time (max) 


"PB10422D-7 
7 ns 


0-10 
10 ns 


Supply 
Current 
(mln) 


-220 mA 


Package 


24-pin ceramic DIP 


Pin Configurations 


24-Pin Ceramic DIP 


VCCA 
001 
BS1 
002 
BS2 


01, 


012 


WE 


AS 


A6 


A7 
VEE 


Pin Identification 


Symbol 
Function 


Ao - A7 
Address Inputs 


01, - 014 
Data Inputs 


DO, - 004 
Data outputs 
es, -es4 
Block select Inputs 


WE 
Write enable 


Power supply 
(current switches 
and bias driver) 


Power supply 
(output devices) 


Power supply 
II 


NEe 


Absolute Maximum Ratings 
Truth Table 


Supply voltage, VEE to Vcc 
-7.0 to +0.5 V 
BS 
WE 
01 


Input voltage, V1N 
VEEto 
+0.5 V 
H 
X 
X 


Output 
current, 
lOUT 
-30 to +0.1 mA 
L 
L 
L 


Storage temperature, 
TSTG 
-65 to + 16O'C 
L 
L 
H 


Storage temperature 
under bias, TSTG (bias) 
-55 to + 125'C 
L 
H 
X 


DO 
Function 


L 
Not selected 


L 
Write 0 


L 
Write 1 


Data Valid 
Read 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits 
specified 
under DC and AC Characteristics. 


Notes: 


(1) The Block Select Input for each of the four memory blocks is used 


Independently 
as shown in the block diagram. 


Capacitance 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CIN 
4 
pF 


Output 
capacitance 
COUT 
5 
pF 


NEe 


DC Characteristics 
TA = 0 to +75'C; 
VEE = -5.2 V; outputload 
= 50 a to -2.0 V 


Parameter 
Symbol 
Mln 
Max 
Unit 
Test Conditions 


Output voltage, high 
VOH 
-1000 
-840 
mV 
VIN = VIH max or VIL min; TA = D'C 


-960 
-810 
mV 
VIN = V1Hmax or VIL min; TA a 25'C 


-900 
-720 
mV 
VIN = VIH max or VIL min; TA = 75'C 


Output voltage, low 
VOL 
-1870 
-1665 
mV 
VIN = VIH max or VIL min; TA a O'C 


-1850 
-1650 
mV 
V1N= V1Hmax or VIL min; TA = 25'C 


-1830 
-1625 
mV 
V1N= V1Hmax or VIL min; TA = 75'C 


Output 
threshold 
voltage, high 
VOHC 
-1020 
mV 
VIN = V1Hmln or V1Lmax; TA = O'C 


-980 
mV 
V1N= V1Hmln or V1Lmax; TA = 25'C 


-920 
mV 
VIN = VIH mln or VIL max; TA = 75'C 


Output threshold 
voltage, low 
VOLC 
-1645 
mV 
VIN = V1Hmin or VIL max; TA = O'C 


-1630 
mV 
VIN = VIH mln or VIL max; TA a 25'C 


-1605 
mV 
VIN = VIH min or VIL max; TA a 75'C 


Input voltage, high 
VIH 
-1145 
-840 
mV 
For all Inputs: TA = O'C 


-1105 
-810 
mV 
For all Inputs: TA = 25'C 


-1045 
-720 
mV 
For all inputs: TA a 75'C 


Input voltage, low 
V1L 
-1870 
-1490 
mV 
For all inputs: TA = O'C 


-1850 
-1475 
mV 
For all Inputs: TA = 25'C 


-1830 
-1450 
mV 
For all inputs: TA = 75'C 


Input current, high 
IIH 
220 
IlA 
VIN = VIH max 


Input current, low 
IlL 
0.5 
170 
IlA 
~1 
- ~4; 
VIN = V1Lmln 


-50 
IlA 
For all others: VIN = VIL mln 


Supply current 
lEE 
-220 
mA 
For all inputs and outputs 
open 


Notes: 


(1) The device under test is mounted in a test socket and measured 
II 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 mls. 


AC Characteristics 
TA = 0 to +75'C; 
VEE = -5.2 V ± 5%; output 
load = 50 0 to -2.0 V 


"PB10422-7 
"PB10422-10 


Parameter 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Unit 
Test Conditions 


R_d 
Operation 


Block select access time 
tABS 
5 
5 
ns 


Block select recovery time 
!ABS 
5 
5 
ns 


Address access time 
tAA 
7 
10 
ns 


Writ. Operation 


Write pulse width 
tw 
5 
6 
ns 


Data setup time 
tWSD 
2 
ns 


Data hold time 
tWHD 
2 
ns 


Address setup time 
tWSA 
2 
ns 


Address hold time 
tWHA 
2 
ns 


Block select setup time 
tWSBS 
2 
ns 


Block select hold time 
tWHBS 
2 
ns 


Write disable time 
tws 
5 
5 
ns 


Write recovery time 
tWR 
6 
9 
ns 


Output Riuand 
Fall Times 


Output 
rise time 
tR 
2 
2 
ns 


Output 
fall time 
tF 
2 
2 
ns 


Notea: 


(1) The device under test is mounted 
in a test socket and measured 
at a thermal 
equilibrium 
established 
with a transverse 
air flow 
maintained 
at greater than 2.0 m/s. 


(2) All timing 
measurements 
are referenced to 50% Input levels. 


(3) See figures t and 2. 
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I'] RL :500. 


[2] CL : 30 pF. 


=fl 


y. 


________ 
2_0% 


tR 


Nol.: 
I'] tR:tF 
:2.5ns(typ). 
J't 


% 


20_% 
_ 


IF 
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Timing Waveforms 


Chip select Access Cycle 


Not.: 


[1] Address 
is valid more than 2 ns prior to the low transition of 85. 


Note: 


[11 BS ~ VIL 
1 
f-----fl 
t,...-----j 
. 
tw 
. 


lWSD-- 
-IWHD 
Lh:" 
,:~dJ 


L,w,J 


NEe 
NEe Electronics 
Inc. 


ILPB10470 


4,096 x 1-BIT 
10K Eel 
RAM 


Description 


The /LPB10470is a very high-speed 10K interface ECl 
RAM organized as 4K words by 1 bit and designed with 
an open emitter output (noninverted) for low power 
consumption. Two fast access time versions are avail- 
able: 
10ns 
maximum 
and 
15ns 
maximum. 
The 


/LPB10470 is available in a hermetic, 300-mil, 18-pin 
cerdip. 


o 4096-word x 1-bit organization 
o 10KECl interface 
o Open emitter output (noninverted) 
o Fast access times 
o low power consumption 
o 300-mil, 18-pin cerdip packaging 


Part Number 


"PB10470D-10 


D-15 


Access 
Time (max) 


10 ns 


15 ns 


Package 


18-pin cerdip 


Pin Configuration 


IS-Pin Cerdip 


Pin Identification 


Symbol 


Ao-A11 


DIN 


DOUT 
as" 


WE 


Vcc 


VEE 


DOUT 
Ao 


A1 


A2 


A3 


A4 
As 


A6 
VEE 


Function 


Address inputs 


Data input 


Data output 


Chip select 


Write enable 


Ground 


-5.2-volt 
power supply 


II 


Absolute Maximum Ratings 
Truth Table 


Supply voltage, VEE to Vcc 
-7.0 to to.5 
V 
CS 
WE 


Input voltage, V1N 
VEE to to.5 
V 
H 
X 


Output current, 
lOUT 
-30 to to. 1 mA 
L 
L 


Storage temperature, 
TSTG 
-65 to tl50'C 
L 
L 


Storage temperature 
under bias, TSTG (bias) 
-55 to t 125'C 
L 
H 


DIN 
Function 
Output 


X 
Not selected 
L 


L 
Write 0 
L 


H 
Write 1 
L 


X 
Read 
DOUT 


Exposure 
to Absolute 
Maximum 
Ratings for extended 
periods 
may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits 
specified 
under DC and AC Characteristics. 


Notes: 


(1) X = don't care. 


Capacitance 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CIN 
4 
pF 


Output capacitance 
COUT 
5 
pF 


64 x 64 
Memory Cell 
Array 


DC Characteristics 
TA = 0 to + 75°C; VEE = -5.2 V; output 
load = 50 Q to -2.0 V 


Parameter 
Symbol 
TA (OC) 
Mln 
Max 
Unit 
Test Conditions 


Output voltage, high 
VOH 
0 
-1000 
-840 
mV 
V1N= VIH (max) or VIL (min) 


+25 
-960 
-810 
mV 


+75 
-900 
-720 
mV 


Output voltage, low 
VOL 
0 
-1870 
-1665 
mV 
VIN = VIH (max) or V1L(min) 


+25 
-1850 
-1650 
mV 


+75 
-1830 
-1625 
mV 


Output threshold 
voltage, high 
VOHC 
0 
-1020 
mV 
VIN = VIH (min) or VIL (max) 


+25 
-980 
mV 


+75 
-920 
mV 


Output threshold 
voltage, low 
VOLC 
0 
-1645 
mV 
VIN = VIH (min) or VIL (max) 


+25 
-1630 
mV 


+75 
-1605 
mV 


Input voltage, high 
VIH 
0 
-1145 
-840 
mV 
Guaranteed 
input voltage high for all inputs 


+25 
-1105 
-810 
mV 


+75 
-1045 
-720 
mV 


Input voltage, low 
VIL 
0 
-1870 
-1490 
mV 
Guaranteed 
input voltage low for all inputs 


+25 
-1850 
-1475 
mV 


+75 
-1830 
-1450 
mV 


Input current, high 
IIH 
o to +75 
220 
"A 
VIN = VIH (max) 


Input current, low 
IlL 
o to +75 
0.5 
170 
"A 
For C'S': VIN = V1L(min) 


o to +75 
-50 
/loA 
For all others: VIN = V1L(min) 


Supply current 
lEE 
o to +75 
-220 
mA 
All inputs and outputs 
open 


Notes: 


(1) The device under test (OUT) is mounted 
in a test socket and is 
II 


measured ata thermal equilibrium 
established 
with a transverse 


air flow maintained 
at greater than 2.0 m/s. 


#LPB10470 
NEe 


AC Characteristics 
TA = 0 to +75'C; 
VEE = -5.2 V ± 5% 


"PB10470-10 
"PB10470·15 


Parameter 
Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 
Test Conditions 


Read Operation 


Address access time 
tAA 
10 
15 
ns 


Chip select access time 
tACS 
6 
8 
ns 


Chip select recovery time 
tACS 
6 
8 
ns 


Writ. Operation 


Write pulse width 
tw 
10 
15 
ns 


Data setup time 
tWSD 
2 
2 
ns 


Data hold time 
tWHD 
2 
2 
ns 


Address setup time 
tWSA 
3 
3 
ns 


Address hold time 
tWHA 
2 
2 
ns 


Chip select setup time 
tWSCS 
2 
2 
ns 


Chip select hold time 
tWHCS 
2 
2 
ns 


Write disable time 
tws 
6 
8 
ns 


Write recovery time 
tWA 
10 
10 
ns 


Output RiA and Fall Times 


Rise time 
tA 
2 
2 
ns 


Fall time 
tF 
2 
2 
ns 


Notes: 


(1) The device under test (DUT) is mounted 
in a test socket and is 
measured at a thermal equili brium established 
with a transverse 
air flow maintained 
at greater than 2.0 m/s. 
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[1J RL =500. 


[2J CL=30pF. 


& 


80% 


20% 
--------- 


lR 


Not.: 


[lJ 
tR ~ IF = 2 ns (typ). 
! 


80% 


20%--------- 


tF 
II 


Timing Waveforms 


Chip select Access Cycle 
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Write Cycle 
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f 
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I 
I 


• 
IW 
. 
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E 
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I4PB10474 


1,024 x 4·Bit 


10KEel RAM 


Description 


The ~PB10474 is a very high-speed 10K interface ECl 
RAM organized as 1,024words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. Three versions with access times of 8 ns, 
10ns and 15ns maximum are available in hermetic, 
400-mil, 24-pin cerdip packaging. 


Features 


o 1,024-wordx 4-bit organization 
o 10KECl interface 
o Noninverted, open-emitter outputs 
o Fast access times 
o Low power consumption 
o 400-mil, 24-pin cerdip packaging 


Ordering Information 


Part Number 
Access 
Time (max) 


"PB10474D-8 
8 ns 


0-10 
10ns 


0-15 
15ns 


Package 


24-pln cerdlp 


Pin Configuration 


24-Pin Cerdip 


VCCA 
DO:l 


D04 
Ao 


A1 


A2 


A3 


A4 
As 


NC 


A6 


VEE 


Pin Identification 


Symbol 
Function 


Ao • A9 
Address Inputs 


011- 014 
Data Inputs 


001 - 004 
Data outputs 


WE 
Write enable 


US 
Chip select 


Vce 
Powersupply (current switches and bias driver) 


VeeA 
Powersupply (output devices) 


VEE 
Powersupply 


NC 
No connection 


NEe 


Absolute Maximum Ratings 


Supply voltage, VEEto Vcc 


Input voltage, V1N 


Output 
current, lOUT 


Storage temperature, 
TSTG 


Storage temperature 
under bias, TSTG (bias) 


-7.0 to +0.5 V 


VEEto +0.5 V 


-30 to +0.1 mA 


-65 to + 150°C 


-55 to + 125°C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits specified 
under DC and AC Characteristics. 


Capacitance 
f = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CIN 
4 
pF 


Output 
capacitance 
COUT 
5 
pF 


Input 
Data 
Control 
Circuit 


Truth Table 
~ 
WE 


H 
X 


L 
L 


L 
L 


L 
H 


DIN 
Output 
Mode 


X 
L 
Not selected 


L 
L 
Write 0 


H 
L 
Write 1 


X 
DOUT 
Read 


Output 
Data 


Control 
Circuit 


NEe 


DC Characteristics 
TA = 0 to +75'C; 
VEE = -5.2 V; output 
load = 500 
to -2.0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Output voltage, high 
VOH 
-1000 
-840 
mV 
VIN = VIH max or VIL min; TA = O'C 


-960 
-810 
mV 
VIN = VIH max or VIL min; TA = 25'C 


-900 
-720 
mV 
VIN = VIH max or VIL min; TA = 75'C 


Output voltage, low 
VOL 
-1870 
-1665 
mV 
VIN = VIH max or VIL min; TA = O'C 


-1850 
-1650 
mV 
VIN = VIH max or VIL min; TA = 25'C 


-1830 
-1625 
mV 
VIN = V1Hmax or V1Lmin; TA = 75'C 


Output threshold 
voltage, high 
VOHC 
-1020 
mV 
VIN = VIH min or VIL max; TA = O'C 


-980 
mV 
VIN = VIH min or VIL max; TA = 25'C 


-920 
mV 
VIN = VIH min or VIL max; TA = 75'C 


Output threshold 
voltage, low 
VOLC 
-1645 
mV 
V1N= VIH min or VIL max; TA = O°C 


-1630 
mV 
V1N= VIH min or VIL max; TA = 25°C 


-1605 
mV 
VIN = VIH min or VIL max; TA = 75'C 


Input voltage, high 
VIH 
-1145 
-840 
mV 
For all inputs: TA = O°C 


-1105 
-810 
mV 
For all Inputs: TA = 25'C 


-1045 
-720 
mV 
For all inputs: TA = 75'C 


Input voltage, low 
V1L 
-1870 
-1490 
mV 
For all inputs: TA = O°C 


-1850 
-1475 
mV 
For all inputs: TA = 25'C 


-1830 
-1450 
mV 
For all inputs: TA = 75'C 


Input current, high 
IIH 
220 
p.A 
VIN = VIH max 


Input current, low 
IlL 
0.5 
170 
p.A 
For CS: VIN = VIL min 


-50 
p.A 
For all others: VIN = VIL mln 


Supply current 
lEE 
-220 
mA 
All inputs and outputs 
open 


Notes: 


(1) The device under test is mounted In a test socket and measured 
II 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 mls. 
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AC Characteristics 
TA = 0 to +75'C; VEE = -5.2 V :t 5%; output 
load = 50 a to -2.0 V 


"PB10474-8 
"PB10474-10 
"PB10474·15 


Parameter 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Unit 
Test Conditions 


RBlId Oper.tion 


Chip select access time 
tACS 
5 
6 
8 
ns 


Chip select recovery time 
tRCS 
5 
6 
8 
ns 


Address access time 
tAA 
8 
10 
15 
ns 


Write Oper.tion 


Write pulse width 
tw 
6 
10 
15 
ns 


Data setup time 
tWSD 
1 
2 
2 
ns 


Data hold time 
tWHD 
2 
2 
ns 


Address setup time 
tWSA 
3 
3 
ns 


Address hold time 
tWHA 
2 
2 
ns 


Chip select setup time 
twSCS 
2 
2 
ns 


Chip select hold time 
tWHCS 
2 
2 
ns 


Write disable time 
tws 
5 
6 
8 
ns 


Write recovery time 
tWR 
8 
10 
10 
ns 


Output RiA .nd FIlii Times 


Output 
ri se time 
tR 
2 
2 
2 
ns 


Output fall time 
tF 
2 
2 
2 
ns 


Notes: 


(1) The device under test is mounted 
in a test socket and measured 
at a thermal 
equilibrium 
established 
with a transverse 
air flow 
maintained 
at greater than 2.0 mls. 


(2) See figures 1 and 2 for loading conditions 
and input pulse timing. 


Input 
pulse levels = -1.7 
to -0.9V; 
input 
rise and fall 
times 


(measured between 20% and 80% or 80% and 20%) = 2 ns; Input 
and output timing 
reference levels = 50%. 


1ttfEC 


[1J RL =500. 


[2J CL = 30 pF. 
-,:it 


Note: 


[1] tR=tF=2ns(typ). 
l 


aoovo 


20% 


--------- 


tF 


NEe 


Noto: 


[11 Address 
is valid more than 2 ns prior to tho low transition of CS. 


_~X5O%= 
_ 


·~tAA==l. 


DO ================================-_J_~ 
~~5_0-"I.=.====================== 
Noto: 


[11 CS=VIL. 
f~---1 
f~--------"f 
t~--j 
. 
tw 
• 


tWSD- 
1----1WHO 


~:~ 


\ 
1/ 
,:::dJ 


J 


L,w,J 


NEe 
NEe Electronics Inc. 


pPB10474A 
1,024 x 4·Blt 


10K EeL RAM 


Description 


The /-lPB10474A is a very high-speed 
10K interface 
ECL 


RAM organized 
as 1,024 words 
by 4 bits and designed 


with 
non inverted, 
open-emitter 
outputs 
and low power 


consumption. 
Two versions 
with 
access 
times of 5 and 


6 ns maximum 
are available 
in hermetic, 
400-mil, 
24-pin 


cerdip 
packaging. 


Features 


(J 
1,024-word x 4-bit organization 


(J 
10K ECL interface 


(J 
Noninverted, 
open-emitter 
outputs 


(J 
Fast access times 


(J 
Low power consumption 


(J 
400-mil, 
24-pin cerdip 
packaging 


Ordering Information 


Part Number 
Acce •• Time (max) 
Package 


24-pln cerdlp 
"PB10474AD-5 


0-6 


Pin Configurations 


24-Pln cerdlp 


VCCA 
DO:! 


D04 
Ao 


A1 


A2 


A3 


A4 
AS 


NC 


A6 


VEE 


Symbol 


Ao-Ag 


011 - 014 
001- 004 


WE: 
~ 


VCC 


VCCA 


VEE 


NC 


FunctIon 


Address Inputs 


Data Inputs 


Data outputs 


Write enable (active low) 


Chip select (active low) 


Power supply 
(current switches 
and bias drlve~ 


Power supply 
(output devices) 


-5.2-volt 
power supply 


No connection 


NEe 


Absolute Maximum Ratings 
vcc = VCCA = OV 


Supply voltage, VEE to Vcc 


Input voltage, VIN 


Output 
current, 
lOUT 


Storage temperature, 
TSTG 


Storage temperature 
under bias, TSTG (bias) 


-7.0 to +0.5 V 


VEEto 
+0.5V 


-30 to +0.1 mA 


-65 to + 15O'C 


-55 to +l25°C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


Capacitance 
f = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CIN 
4 
pF 


Output 
capacitance 
COUT 
5 
pF 


Input 
Data 
Control 
Circuit 


Truth Table 
cs 
WE 
H 
X 


L 
L 


L 
L 


L 
H 


Output 
Function 


L 
Not selected 


L 
Write 0 


L 
Write 1 


DoUT 
Read 


Notes: 


(1) X. don't care. 


Output 
Data 
Control 
Circuit 


NEe 


DC Characteristics 
TA - 0 to +75°C; VEE = -5.2 V; output 
load - 50 II to -2.0 V; VCC - 
VCCA - 0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Teat Condltlona 


Output 
voltage, 
high 
VOH 
-1000 
-840 
mV 
VIN - 
VIH max or VIL mln; TA - COC 


-960 
-810 
mV 
VIN - 
VIH max or VIL mln; TA - 25°C 


-900 
-720 
mV 
VIN - 
VIH max or VIL mln; TA - 75°C 


Output 
voltage, 
low 
VOL 
-1870 
-1665 
mV 
VIN - 
VIH max or VIL mln; TA - COC 


-1850 
-1650 
mV 
VIN - 
VIH max or VIL mln; TA - 25"C 


-1830 
-1625 
mV 
V1N - 
V1H max or VIL mln; TA = 75°C 


Output 
threshold 
voltage, 
high 
VOHC 
-1020 
mV 
V1N - 
V1H mln or V1L max; TA - O°C 


-980 
mV 
VIN - 
VIH mln or VIL max; TA - 25°C 


-920 
mV 
VIN - 
VIH mln or VIL max; TA - 75"C 


Output 
threshold 
voltage, 
low 
VOLC 
-1645 
mV 
VIN - 
VIH mln or VIL max; TA - COC 


-1630 
mV 
VIN - 
VIH mln or VIL max; TA - 25°C 


-1605 
mV 
VIN - 
VIH mln or VIL max; TA - 75°C 


Input voltage, 
high 
VIH 
-1145 
-840 
mV 
For all Inputs: 
TA - COC 


-1105 
-810 
mV 
For all Inputs: 
TA - 25°C 


-1045 
-720 
mV 
For all Inputs: 
TA - 75°C 


Input voltage, 
low 
VIL 
-1870 
-1490 
mV 
For all Inputs: 
TA - COC 


-1850 
-1475 
mV 
For all Inputs: 
TA - 25"C 


-1830 
-1450 
mV 
For all Inputs: 
TA - 75°C 


Input current, 
high 
IIH 
220 
/loA 
VIN - 
VIH max 


Input 
current, 
low 
IlL 
0.5 
170 
/loA 
For C"S: VIN - 
VIL mln 


-50 
/loA 
For all others: 
V1N - 
VIL mln 


Supply 
current 
lEE 
-250 
mA 
All Inputs 
and outputs 
open 


Note.: 


(1) The device 
under test Is mounted 
In a test socket 
and measured 
ID 


at a thermal 
equilibrium 
established 
with 
a transverse 
air flow 


maintained 
at greater 
than 2.0 mls. 


t\'EC 


AC Characteristics 
TA - 
0 to +75"C; VEE = -5.2 V :l: 5%; output 
load" 
50 0 to -2.0 V; VCC - 
VCCA - 0 V 


"PB10474A-5 
"PB10474A-S 


Paramet.r 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Unit 
T.st 
Conditions 


6 
ns 


4 
ns 


4 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


4 
ns 


7 
ns 


ns 


ns 


Read Operation 


Address access time 
tM 


Chip select recovery time 
tRCS 


Chip select access time 
tACS 


Write Operation 


Write pulse width 
tw 
5 


Data setup time 
tWSD 
1 


Data hold time 
tWHD 
1 


Address setup time 
tWSA 


Address hold time 
tWHA 


Chip select setup time 
twscs 


Chip select hold time 
tWHCS 


Write disable time 
tws 


Write recovery time 
tWR 


Output 
Rise and Fall Times 


Output 
rise time 
tR 
2 


Output fall time 
tF 
2 


Not •• : 


(1) The device under test Is mounted In a test socket and measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 mls. 


(2) See figures 1 and 2 for loading conditions 
and Input pulse timing. 


Input 
pulse levels •• -1.7 
to -0.9 V; Input 
rise and fall 
times 


(measured between 20% and 80% or 80% and 20%) - 2 ns; Input 
and output 
timing 
reference levels" 
50%. 


tt{EC 


[1) RL =500. 


[2] CL = 30 pF. 


=?L 


Y 


O 


________ 
20% 


tR 


Note: 


[1) tR=tF=2ns(typ). 
l 


BOOYO 


20%-------- 


tF 


Note: 


(1] Address 
Is valid more than 2 ns prior to the low transition of CS. 


Note: 


11l CS = VIL· 


• 
lW 
• 
tWSD- 
f---tWHD 
Lh;~· 


1/ 
,:;dJ 
E 


L,.,J 
lWR~1 


NEe 
NEe Electronics Inc. 


I'PB10474E 


1,024 x 4·Bit 


10K Eel RAM 


Description 


The IlPB10474E is a very high-speed 10Kinterface ECl 
RAM organized as 1,024words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. Two versions with access times of 3 and 
4 ns maximum are available in hermetic, 400-mil, 24-pin 
cerdip packaging. 


Features 


o 1,024-word x 4-bit organization 
o 10KECl interface 
o Noninverted, open-emitter outputs 
o Fast access times 
o low power consumption 
o 400-mil, 24-pin cerdip packaging 


Part Number 


JlPB10474ED-3 


0-4 


Access 
Time (max) 


3 ns 


4 ns 


Package 


24-pin cerdip 


Pin Configuration 


24-Pin Cerdip 


012 


013 


014 
001 


0°2 
Vcc 


VCCA 
0°3 
0°4 
AO 
A, 


A2 


Symbol 


Ao -Ag 


011 - 014 
001- 004 


WE 
cs 


Vcc 


VCCA 


VEE 


NC 


Function 


Address inputs 


Data inputs 


Data outputs 


Write enable (active low) 


Chip select (active low) 


Power supply 
(current switches 
and bias driver) 


Power supply 
(output devices) 


-5.2-volt 
power supp Iy 


No connection 


NEe 


AO 
A1 
A2 
X·Deroder! 
MemoryCell Array 


A3 
Driver 
64x16x4 


A4 
AS 


DI1 
Input 
sense/Switch 
DOl 
Output 
DI2 
Data 
Data 
D02 
DI3 
Control 
Y-OecoderlOrlver 
Control 
Circuit 
Circuit 
D03 
DI4 
D04 


A6 A7 AS Ag 


831H-59588 


Truth Table 


CS 
WE 
DIN 
Output 
Function 
-7.0 to +0.5 V 
H 
X 
X 
L 
Not selected 


VEE to +0.5V 
L 
L 
L 
L 
Write 0 


-30 to +0.1 mA 
L 
L 
H 
L 
Write 1 
-65 to + 150'C 
L 
H 
X 
DOUT 
Read 


-55 to +125'C 


Absolute Maximum Ratings 
VCC = VCCA = OV 


Supply voltage, VEE to VCC 


Input voltage, VIN 


Output 
current, lOUT 


Storage temperature, 
TSTG 


Storage temperature 
under bias, TSTG (bias) 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding 
the ratings 
could cause perma- 
nent 
damage. 
The device 
should 
be operated 
within 
the 
limits 


specified 
under DC and AC Characteristics. 


Notes: 


(1) X = don't care. 


Capacitance 
f = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CIN 
4 
pF 


Output 
capacitance 
COUT 
5 
pF 


NEe 


DC Characteristics 
TA = 0 to +75'C; 
VEE = -5.2 V; output 
load = 50 Oto -2.0 V; VCC = VCCA = 0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 


Output 
voltage, 
high 
VOH 
__ -_1_00_0 
-_84_0 
_ 


-810 


-720 


-1665 
------------------------------- 


-1650 


-1625 


-960 


-900 


Output 
voltage, 
low 
VOL 
-1870 


-1850 


-1830 


Output threshold 
voltage, 
high 
VOHC 
-1020 


-980 


-920 


Output 
threshold 
voltage, 
low 
VOLC 
-1645 


-1830 


-1805 


-840 


-810 


-720 


-1490 


-1475 


-1450 


220 


170 


Input voltage, 
high 
VIH 
-1145 


-1105 


-1045 


Input voltage, 
low 
VIL 
-1870 


-1850 


-1830 


Input current, 
high 
IIH 


Input current, 
low 
IlL 
0.5 


-50 


Supply current 
lEE 
-330 


Unit 
Test Conditions 


mV 
VIN = V1Hmax or V1Lmin; TA = O'C 


mV 
VIN = VIH max or VIL min; TA = 25'C 


mV 
VIN = VIH max or VIL min; TA = 75'C 


mV 
V1N= VIH max or VIL min; TA = OOC 


mV 
VIN = VIH max or VIL min; TA = 25'C 


mV 
V1N= V1Hmax or V1Lmin; TA = 75'C 


mV 
VIN = VIH min or VIL max; TA = O'C 


mV 
VIN = VIH min or VIL max; TA = 25'C 


mV 
VIN = V1Hmin or V1Lmax; TA = 75'C 


mV 
VIN = VIH min or VIL max; TA = O'C 


mV 
VIN = VIH min or VIL max; TA = 25'C 


mV 
VIN = VIH min or VIL max; TA = 75'C 


mV 
For all inputs: TA = O'C 


mV 
For all inputs: TA = 25'C 


mV 
For all inputs: TA = 75'C 


mV 
For all inputs: TA = O'C 


mV 
For all inputs: TA = 25'C 


mV 
For all Inputs: TA = 75'C 


IlA 
VIN = VIH max 


IlA 
For CS: VIN = VIL min 


IlA 
For all others: VIN = VIL min 


mA 
All inputs and outputs 
open 


Notes: 


(1) The device under test is mounted 
in a test socket and measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 m/s. 


AC Characteristics 
TA = a to +75°C; VEE = -5.2 V ± 5%; output 
load = 50 Oto -2.0 V; VCC = VCCA = a V 


"PB10474E-3 
"PB10474E-4 


Parameter 
Symbol 
Mln 
Typ 
Max 
Min 
Typ 
Max 
Unit 
Test Conditions 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Read Operation 


Address access time 
tAA 
3 


Chip select recovery time 
tRCS 
2 


Chip select access time 
tACS 
2 


Write Operation 


Write pulse width 
tw 
5 
6 


Data setup time 
tWSD 
0.5 
0.5 


Data hold time 
tWHD 
0.5 
0.5 


Address setup time 
tWSA 
0.5 
0.5 


Address hold time 
tWHA 
0.5 
0.5 


Chip select setup time 
tWSCS 
0.5 
0.5 


Chip select hold time 
tWHCS 
0.5 
0.5 


Write disable time 
tws 
2 


Write recovery time 
tWR 
4 


Output Rise and Fall Times 


Output 
rise time 
tR 
2 
2 


Output 
fall time 
tF 
2 
2 


Notes: 


(1) The device under test is mounted 
in a test socket and measured 
at a thermal 
equilibrium 
established 
with 
a transverse 
air flow 
maintained 
at greater than 2.0 mis. 


(2) See figures 1 and 2 for loading conditions 
and input pulse timing. 


Input pulse 
levels = -1.7 
to -0.9 V; input 
rise and fall 
times 


(measured between 20% and 80% or 80% and 20%) = 2 ns; input 
and output timing 
reference levels = 50%. 


NEe 


Notes: 


[1] RL=SOO. 


[2] CL-10pF. 


:1i 


80"lo 


20% 
--------- 


lA 


Note: 


[1JtR=lF=2ns(typ). 
A 


800YO 


20%--------- 


tF 


ftt{EC 


Note: 


(1] Address 
is valid more than 2 ns prior to the low transition of CS. 


[2J WE=VIH· 


[1l CS = VIL· 


(2) WE~VIH. 


NEe 
~r-------1 
1----------f 
t~--j 


4 
IW 
• 


lWSD- 
-IWHD 
Lk:" 
,=dJ 
L,.,j 
tWR,~1 


ftt{EC 
NEe Electronics Inc. 


pPB10480 


16,384 x 1·Bit 
10K Eel RAM 


Description 


The pPB10480 is a very high-speed 10K interface ECl 
RAM organized as 16,384words by 1 bit and designed 
with noninverted, open-emitter outputs and low power 
consumption. Two versions with fast access times of 
10ns and 15ns maximum are available in hermetic, 
300-mil, 20-pin cerdip or 20-pin ceramic flatpack pack- 
aging. 


o 16,384-wordx i-bit organization 
o 10KECl interface 
o Noninverted, open-emitter outputs 
o Fast access times 
o low power consumption 
o 300-mil, 20-pin cerdip or 20-pin ceramic flatpack 


packaging 


Power 
Access 
Consumption 


Part Number 
Time (max) 
(max) 
Package 


pPB10480D-10 
10 ns 
1.4W 
20-pin 
cerdip 


0.15 
15 ns 
1.3W 


pPB10480B-10 
10 ns 
1.4W 
20-pin 
ceramic 


8-15 
15 ns 
1.3W 
flatpack 


DO 
1 
20 
VCC 
Ao 
2 
19 
DI 
A1 
3 
1S 
CS 


A2 
4 
0 
17 
WE 
'" 
A3 
5 
..• 
16 
0 
A13 
a; 
A4 
6 
"- 
15 
A12 


"- 
As 
7 
14 
All 
A6 
S 
13 
Al0 
A7 
9 
12 
Ag 


VEE 
10 
11 
AS 


83IH·6192A II 


NEe 


Pin Identification 


Symbol 


Ao-A13 


01 
DO 
~ 


WE 


Vcc 


VEE 


Function 


Address inputs 


Data Input 


Data output 


Chip select 


Write enable 


Ground 


-5.2-volt 
power supply 


Capacitance 
f = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CIN 
4 
pF 


Output 
capacitance 
COUT 
6 
pF 


Absolute Maximum Ratings 


Supply voltage, VEE 


Input voltage, V1N 


Output current, lOUT 


Storage temperature, 
TSTG 


Storage temperature 
under bias, TSTG (bias) 


-7.0 to to.5 
V 


VEEto 
to.5V 


-30 to to.l mA 


-65 to t 150'C 


-55 to t 125'C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


Truth Table 
cs 
WE 
DIN 
Output 
Mode 


H 
X 
X 
L 
Not selected 


L 
L 
L 
L 
Write a 


L 
L 
H 
L 
Write 1 


L 
H 
X 
DOUT 
Read 


Notes: 


(1) X = don't care. 


NEe 


DC Characteristics 
TA = 0 to +75°C; VEE = -5.2 V; output 
load = 50 0 to -2.0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Output voltage, high 
VOH 
-1000 
-840 
mV 
V1N= VIH max or VIL min; TA = O°C 


-960 
-810 
mV 
V1N= V1Hmax or VIL mini TA = 25°C 


-900 
-720 
mV 
VIN = VIH max or VIL mini TA = 75°C 


Output voltage, low 
VOL 
-t870 
-1665 
mV 
VIN = VIH max or VIL mini TA = O°C 


-1850 
-1650 
mV 
VIN = VIH max or V1Lmini TA = 25°C 


-1830 
-1625 
mV 
V1N= V1Hmax or V1Lmini TA = 75°C 


Output threshold 
voltage, high 
VOHC 
-1020 
mV 
VIN = V1Hmin or V1Lmax; TA = O°C 


-980 
mV 
V1N= V1Hmin or V1Lmaxi TA = 25°C 


-920 
mV 
VIN = VIH min or VIL max; TA = 75°C 


Output threshold 
voltage, low 
VOLC 
-1645 
mV 
V1N= VIH min or VIL maxi TA = O°C 


-1630 
mV 
VIN = VIH min or VIL max; TA = 25°C 


-1605 
mV 
VIN = VIH min or V1Lmax; TA = 75°C 


Input voltage, high 
VIH 
-1145 
-840 
mV 
For all inputs: TA = O°C 


-1105 
-810 
mV 
For all inputs: TA = 25°C 


-1045 
-720 
mV 
For all inputs: TA = 75°C 


Input voltage, low 
VIL 
-1870 
-1490 
mV 
For all Inputs: TA = O°C 


-1850 
-1475 
mV 
For all Inputs: TA = 25°C 


-1830 
-1450 
mV 
For all Inputs: TA = 75°C 


Input current, 
high 
IIH 
220 
p.A 
V1N= VIH max 


Input current, 
low 
IlL 
0.5 
170 
p.A 
For ~: 
VIN = VIL min 


-50 
p.A 
For all others: VIN = VIL min 


Supply current 
lEE 
-260 
mA 
For I'PB1048O-10: all Inputs and outputs 
open 


-240 
mA 
For I'PB10480-15: all inputs and outputs 
open 


Notes: 
II 
(1) The device under test Is mounted In a test socket and measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 mls. 


NEe 


AC Characteristics 
TA a 0 to +75'C; VEE = -5.2 V ±5% 


"PB10480-10 
"PB10480-15 


Mln 
Typ 
Max 
Mln 
Typ 
Max 
Unit 
Test Conditions 


10 
15 
ns 


5 
8 
ns 


5 
8 
ns 


10 
15 
ns 


2 
3 
ns 


1 
2 
ns 


2 
3 
ns 


1 
2 
ns 


2 
3 
ns 


1 
2 
ns 


5 
8 
ns 


11 
17 
ns 


2 
2 
ns 


2 
2 
ns 


Parameter 
Symbol 


Rud 
Operation 


Address access time 
tAA 


Chip select recovery time 
tRCS 


Chip select access time 
tACS 


Write Operation 


Write pulse width 
tw 


Data setup time 
tWSD 


Data hold time 
tWHD 


Address setup time 
tWSA 


Address hold time 
tWHA 


Chip select setup time 
twSCS 


Chip select hold time 
tWHCS 


Write disable time 
tws 


Write recovery time 
tWR 


Output Rise and Fall Times 


Output 
rise time 


Output fall time 


Notes: 


(1) The device under test is mounted 
In a test socket and measured 
at a thermal 
equilibrium 
established 
with a transverse 
air flow 
maintained 
at greater than 2.0 mls. 


(2) Input pulse levels a -1.7 
to -0.9 V; input 
rise and fall 
times 


(measured between 20% and 80% or 80% to 20%) a 2.5 ns; Input 
and output timing 
reference level a 50%. 


NEe 


[1] RL~50n. 


[2J CL ~ 30 pF. 


=fl 


Y 


O 


________ 
2_0% 


lR 


Note: 


[lJ tR=tF 
=2.5ns(typ). 
k 


800YO 


20% 


--------- 


IF 


NEe 


Nolo: 


(1] Address 
is valid more than 2 ns prior to the low transition 
of CS. 


__ 
X~ 
_ 


·~tAA==1 


00 ===============================~_J 
__ 
..... 
~5_0-.t._.-_- _-_- 
_- _- _- _- _- _- _- _- _- _- _- _- _- _- _- _- _- _-_- 


Noto: 


11JCS=VIL. 


. 
tw 
• 


lWSO- 
--lWHO 
Lk~ 


I\. 
,::dJ 


I\. 
I 
E 


L,w,J 


NEe 
NEe Electronics 
Inc. 


",PB10484 


4,096 x 4·Bit 


10K Eel RAM 


Description 


The pPB10484 is a very high-speed 10K interface ECl 
RAM organized as 4,096 words by 4 bits and designed 
with noninverted, open-emitter outputs and low power 
consumption. 
Two versions with access times of 10 


and 15ns maximum are available. The pPB10484 is 
packaged in a hermetic, 400-mil, 28-pin cerdip or 28-pin 
ceramic flatpack. 


o 4,096-word x 4-bit organization 
o 10KECl interface 
o Noninverted, open-emitter outputs 
o low power consumption of 1.4W maximum 
o Fast access times of 10and 15ns maximum 
o 400-mil, 28-pin cerdip or 28-pin ceramic flatpack 


packaging 


Access 


Part Number 
Time (max) 
Package 


IlPB104840-10 
10 ns 
2S-pin cerdip 


0-15 
15 ns 


IlPB104848-10 
10 ns 
2S-pin ceramic f1a1pack 


8-15 
15 ns 


Pin Configurations 


2B-Pin Cerdip 


VCCA 
DO:J 
004 


Ao 


A1 


A2 


A3 


A4 
As 


A6 


A7 


A8 
NC 


VEE 


VCCA 
1 
28 
Vcc 


003 
2 
27 
DO..! 


0°4 
3 
26 
001 


AO 
4 
25 
014 


A1 
5 
24 
013 


A2 
6 
;Ii 
23 
012 
..• 


A3 
7 
0 
22 
011 
iii 


A4 
8 
0- 
21 
CS 


"- 
As 
9 
20 
WE1 


A6 
10 
19 
WE2 


A7 
11 
18 
NC 


A8 
12 
17 
A11 


NC 
13 
16 
A10 


VEE 
14 
15 
A9 


83IH-6170A II 


Absolute Maximum Ratings 
vee = VeeA = OV 


Supply voltage, VEE 


Input voltage, VIN 


Output current, lOUT 


Storage temperature, 
TSTG 


Storage temperature 
under bias, TSTG (bias) 


Symbol 


Ao· A11 
01,-014 
00,-004 


WE" WE2 


"CS" 


Vee 


VeeA 


VEE 


Function 


Address inputs 


Data Inputs 


Data outputs 


Write enable (active low) 


Chip select (active low) 


Power supply 
(current switches and bias driver) 


Power supply 
(output devices) 


-5.2-volt 
power supply 


-7.0 to +0.5 V 


VEEto 
+0.5V 


-30 to +O.t mA 


-65 to + t5O"C 


-55 to + 125'C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Truth Table 
cs 
WE 
H 
X 
Capacitance 
f = 1 MHz 


DIN 
Output 
Mode 


X 
L 
Not selected 


L 
L 
Write 0 


H 
L 
Write 1 


X 
DOUT 
Read 


Parameter 


Input capacitance 


Output 
capacitance 


Symbol 


C1N 


COUT 


L (Note 2) 


L (Note 2) 


H (Note 2) 


Input 
Data 
Control 
Circuit 


Notes: 


(1) X = don't care. 


(2) Both WE, and WE2 must be low to initiate write operation. 
For 


read operation, 
either WEI or WE2 or both must be high. 


Output 
Data 


Control 
Circuit 


t-IEC 


DC Characteristics 
TA = 0 to +75°C; 
VEE = -5.2 V; output 
load = 50 a to -2.0 V; vee = VeeA = 0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 


Output voltage, high 
VOH 
-1000 
-840 


-960 
-810 


-900 
-720 


-1870 
-1665 


-1850 
-1650 


-1830 
-1625 


-1020 


-980 


-920 


Input voltage, high 
V1H 
-1145 


-1105 


-1045 


Input voltage, low 
VIL 
-1870 


-1850 


-1830 


Input current, 
high 
IIH 


Input current, 
low 
IlL 
0.5 


-50 


Supply current 
lEE 
-260 


-240 


Notes: 


(1) The device under test is mounted 
in a test socket and measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 m/s. 


-1645 


-1630 


-1605 


-840 


-810 


-720 


-1490 


-1475 


-1450 


220 


170 


Test Conditions 


VIN = VIH max or V1Lmin; TA = O°C 


V1N= VIH max or V1Lmin; TA = 25°C 


VIN = VIH max or VIL min; TA = 75°C 


V1N= V1Hmax or V1Lmin; TA = O°C 


VIN = VIH max or VIL min; TA = 25°C 


V1N= V1Hmax or V1Lmin; TA = 75°C 


V1N= V1Hmin or VIL max; TA = O°C 


V1N= V1Hmin or V1Lmax; TA = 25°C 


VIN = VIH min or VIL max; TA = 75°C 


V1N= VIH min or V1Lmax; TA = O°C 


VIN = VIH min or V1Lmax; TA = 25°C 


V1N= V1Hmin or V1Lmax; TA = 75°C 


For all inputs: 'A = O°C 


For all inputs: TA = 25°C 


For all inputs: TA = 75°C 


For all inputs: TA = O°C 


For all inputs: TA = 25°C 


For all inputs: TA = 75°C 


VIN = VIH max 


For C'S": VIN = V1Lmin 


For all others: VIN = VIL min 


For "PB10484-10: 
all Inputs and outputs 
open 


For "PB10484-15: 
all inputs and outputs 
open 


t\'EC 


AC Characteristics 
TA = 0 to +75°C; VEE = -5.2 V ±5%; output 
load = 50 0 to -2.0 V; vcc = VCCA = 0 V 


"PB10484-10 
"PB10484-15 


Parameter 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Unit 
Test Conditions 


15 
ns 


8 
ns 


8 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


8 
ns 


17 
ns 


ns 


ns 


R_d 
Operation 


Address access time 
tAA 
10 


Chip select recovery time 
tRCS 
5 


Chip select access time 
tACS 
5 


Writ. Operation 


Write pulse width 
tw 
10 
15 


Data setup time 
tWSD 
2 
3 


Data hold time 
tWHD 
2 


Address setup time 
tWSA 
2 
3 


Address hold time 
tWHA 
1 
2 


Chip select setup time 
twscs 
2 
3 


Chip select hold time 
tWHCS 
1 
2 


Write disable time 
tws 
5 


Write recovery time 
tWR 
11 


Output Rise and Fall Times 


Output 
rise time 
tR 
2 
2 


Output 
fall time 
tF 
2 
2 


Notes: 


(1) The device under test is mounted 
in a test socket and measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 
maintained 
at greater than 2.0 mls. 


(2) Input 
pulse levels = -1.7 
to -0.9 V; Input 
rise and fall 
times 


(measured between 20% and 80% or 80% to 20%) = 2.5 ns; Input 
and output timing 
reference level = 50%. 


NEe 


[1J RL ~50n. 


[2J CL = 30 pF. 


A 


YO 


________ 
2_0% 


tR 


Note: 


[lJ IR~tF 
-2.5n5 
(typ). 


-K= 


800YO 


20%--------- 


IF 


II 


Timing Waveforms 


Chip Select Access Cycle 


Note: 


[1] Address 
is valid more than 2 ns prior to the low transition of CS. 


====E_5O% 
-t 


AA==1==== 
___________________ 
J 
~5_0·_V. 
_ 


Note: 


[1] CS~VIL. 


. 
tw 
• 


tWSD- 
f---tWHD 
Lb::::" 
,::dJ 
t 
j 


L,~J 


NEe 
NEe Electronics 
Inc. 


Description 


The j.tPB10484Ais a very high-speed 10K interface ECL 
RAM. It is organized as 4,096 words by 4 bits and 
designed with noninverted, open-emitter outputs and 
low power consumption. Two versions with access times 
of 5 or 7 ns maximum are available. The j.tPB10484Ais 
packaged in a hermetic, 400-mil, 28-pin cerdip or 28-pin 
ceramic flatpack. 


Features 


o 4,096-word x 4-bit organization 
o 10KECL interface 
o Noninverted, open-emitter outputs 
o Fast access times of 5 and 7 ns maximum 
o Low power consumption of 1.4W maximum 
o 400·mil. 28-pin cerdip or ceramic flatpack packaging 


Access 


Part Number 
Time (max) 
Package 


"PB10484AD-5 
5 ns 
28-pln cerdip 


0-7 
7 ns 


"PB10484AB-5 
5ns 
28-pin ceramic flatpack 


B-7 
7ns 


Pin Configurations 


28-Pin cerdip 


~PB10484A 


4,096 x 4·BIT 
10KEel RAM 


VCCA 
DO:! 


0°4 


Ao 


A1 


A2 


A3 


A4 
As 


A6 


A7 


A8 
NC 


VEE 


VCCA 
1 
28 
Vcc 


DO:! 
2 
27 
D02 


0°4 
3 
26 
D01 


AO 
4 
25 
014 


A1 
5 
24 
o~ 


A2 
6 
« 
23 
012 
..• 
'" 
A3 
7 
..• 
22 
011 
0 


A4 
8 
iil 
21 
Cs 
"- 
AS 
9 


=!. 


20 
WE1 


A6 
10 
19 
WE2 


A7 
11 
18 
NC 


A8 
12 
17 
All 
NC 
13 
16 
AlO 


VEE 
14 
15 
A9 


83IH-5945A. II 


ttlEC 


Absolute Maximum Ratings 
vcc = VCCA = OV 


Supply voltage, VEE 


Input voltage, VIN 


Output 
current, lOUT 


Storage temperature, 
TSTG 


Storage temperature 
under bias, TSTG (bias) 


Symbol 


Ao-A11 


011-014 
001-004 


WE1,WE2 
~ 


VCC 


VCCA 


VEE 


NC 


Function 


Address inputs 


Data inputs 


Data outputs 


Write enable (active low) 


Chip select (active low) 


Power supply 
(current switches and bias driver) 


Power supply 
(output devices) 


-5.2-volt 
power supply 


No connection 


-7.0 to to.5 
V 


VEEto to.5 
V 


-30 to to.1 mA 


-65 to t 150 ·C 


-55 to t 125 ·C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


Truth Table 
cs 
WE 
01 
Output 
Function 


H 
X 
X 
L 
Not selected 


L 
L (Note 2) 
L 
L 
Write 0 


L 
L (Note 2) 
H 
L 
Write 1 


L 
H (Note 2) 
X 
°OUT 
Read 


Capacitance 
f = 1 MHz 


Parameter 


Input capacitance 


Output 
capacitance 


Symbol 


CIN 


COUT 


Input 
Data 


Control 
CiraJit 


Note.: 


(1) X = don't care. 


(2) Both WE1 and WE2 must be low to initiate write operation. 
For 


read operation, 
either WE1 or WE2 or both must be high. 


Output 


Data 


Control 
Circuit 


NEe 


DC Characteristics 
TA = 0 to +75 ·C; VEE = -5.2 V; output 
load = 50 0 to -2.0 V; VCC = VCCA = 0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Output voltage, high 
VOH 
-1000 
-840 
mV 


-960 
-810 
mV 


-900 
-720 
mV 


Output 
voltage, low 
VOL 
-1870 
-1665 
mV 


-1850 
-1650 
mV 


-1830 
-1625 
mV 


Output threshold 
voltage, high 
VOHC 
-1020 
mV 


-980 
mV 


-920 
mV 


Output threshold 
voltage, low 
VOLC 
-1645 
mV 


-1630 
mV 


-1605 
mV 


Input voltage, high 
V1H 
-1145 
-840 
mV 


-1105 
-810 
mV 


-1045 
-720 
mV 


Input voltage, low 
V1L 
-1870 
-1490 
mV 


-1850 
-1475 
mV 


-1830 
-1450 
mV 


Input current, high 
IIH 
220 
p.A 


Input current, low 
IlL 
0.5 
170 
p.A 


-50 
p.A 


Supply current 
lEE 
-260 
mA 


-240 
mA 


Notes: 


(1) The device under test is mounted in a test socket and measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 mls. 


Test Conditions 


V1N= V1Hmax or VIL min; TA = 0 ·C 


VIN = VIH max or V1Lmin; TA = 25 ·C 


V1N= V1Hmax or VIL min; TA = 75 ·C 


V1N= V1Hmax or VIL min; TA = 0 ·C 


V1N= V1Hmax or VIL min; TA = 25 ·C 


V1N= V1Hmax or V1Lmin; TA = 75 ·C 


V1N= V1Hmin or V1Lmax; TA = 0 ·C 


V1N= V1Hmin or VIL max; TA = 25 ·C 


V1N= V1Hmin or VIL max; TA = 75 ·C 


V1N= V1Hmin or VIL max; TA = 0 ·C 


V1N= V1Hmin or V1Lmax; TA = 25 ·C 


VIN = VIH min or V1Lmax; TA = 75 ·C 


For all inputs: TA = 0 ·C 


For all inputs: TA = 25 ·C 


For all inputs: TA = 75 ·C 


For all inputs: TA = 0 ·C 


For all inputs: TA = 25 ·C 


For all inputs: TA = 75 ·C 


V1N= V1Hmax 


For 'OS: V1N= V1Lmin 


For all others: V1N= VIL min 


For p.PB10484A-5: all inputs and outputs 
open 


For p.PB10484A-7: all inputs and outputs 
open 


AC Characteristics 
TA = 0 to +75 'C; VEE = -5.2 V :t 5%; output 
load = 50 0 to -2.0 V; VCC = VCCA = 0 V 


"PB10484A-5 
"PB10484A-7 


Parameter 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Unit 
Test Conditions 


7 
ns 


4 
ns 


4 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


5 
ns 


9 
ns 


ns 


ns 


Read Operation 


Address access time 
tAA 
5 


Chip select recovery time 
tRCS 
3.5 


Chip select access time 
tACS 
3.5 


Write Operation 


Write pulse width 
tw 
6 
8 


Data setup time 
tWSD 
1 


Data hold time 
tWHD 
2 
2 


Address setup time 
tWSA 
1 
1 


Address hold time 
tWHA 
2 
2 


Chip select setup time 
twSCS 
1 


Chip select hold time 
tWHCS 
2 
2 


Write disable time 
tws 
3.5 


Write recovery time 
tWR 
7 


Output Rise and Fall Times 


Output 
rise time 
tR 
2 
2 


Output fall time 
IF 
2 
2 


Notes: 


(1) The device under test is mounted In a test socket and measured 
at a thermal 
equilibrium 
established 
with a transverse 
air flow 
maintained 
at greater than 2.0 m/s. 


(2) Input 
pulse levels = -1.7 
to -0.9V; 
Input 
rise and fall 
times 


(measured 
between 
20% and 80% or 80% and 20%) = 2.5 ns; 


input and output timing 
reference level = 50%. 


NEe 


[1) RL =500. 


(2) CL ~30pF. 
l 


BO.y. 


20% 


--------- 


IF 
=fl 


y. 


________ 
2_0% 


tR 


Note: 


[1J tR~tF 
~2.5ns(typ). 


II 


ttlEC 


Timing Waveforms 


Chip select Access Cycle 


Not.: 


[11 Address 
is valid more than 2 ns prior to the low transition of CS. 


_~X5O%= 
_ 


·~tM==i. 


DO ================================-_J__ 
=50=0/._0-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_- 


Note: 


[1] CS ~ VIL. 


~ 
tw 
• 


tWSD- 
-IWHD 


Lb:;;" 


. 
.::dJ 


I 
E 


L.wJ 


t\'EC 
NEe Electronics Inc. 


pPB10A484 


4,096 x 4·Blt 


10K EeL RAM 


Description 


The ~PB10A484 is a very high-speed 10Kinterface ECL 
RAM organized as 4,000 words by 4 bits with nonin- 
verted, open-emitter outputs. Two versions with access 
times of 5 ns and 7 ns maximum are available. The 
~PB10A484 is packaged in a hermetic, 400-mil, 2S-pin 
cerdip or 2S-pin ceramic flatpack. 


Features 


o 4,OOO-wordx 4-bit organization 
o 10KECL interface 
o Noninverted, open-emitter outputs 
o Fast access times of 5 and 7 ns maximum 
o 400-mil, 2S-pin cerdip or ceramic flatpack packaging 
o Center power pins 


Acee •• 


Part Number 
Time (max) 
Package 


"PB10A484D-5 
5ns 
2B-pln cerdlp 


0-7 
7ns 


"PB10A484BH-5 
5ns 
2B-pln ceramic flat pack 


.BH-7 
7ns 


Pin Configurations 


28-Pln Cerdlp 


011 


012 


013 
014 


0°1 


0°2 


VCC 


VCCA 


0°3 


0°4 
Ao 
A1 
A2 
A3 


011 
1 
28 
Cs 


012 
2 
27 
WE 


013 
3 
26 
NC 


014 
4 
25 
NC 


0°1 
5 
24 
All 


0°2 
..• 
Al0 
6 
~ 
23 


Vcc 
7 
.. 
22 
A9 
0 


VCCA 
8 
Iii 
21 
VEE 
Cl. 


003 
9 


oJ. 


20 
NC 


004 
10 
19 
A8 


Ao 
11 
18 
A7 


A1 
12 
17 
A6 


A2 
13 
16 
AS 


A3 
14 
15 
A4 


831H-6t66A 


Absolute Maximum Ratings 
vcc - VCCA - 
OV 


Supply voltage, VEE 


Input voltage, VIN 


Output 
current, lOUT 


Storage temperature, 
TSTG 


Storage temperature 
under bias, TSTG (bias) 


Symbol 


Ao-A11 


011-014 
001-004 


WE 


US 


VCC 


VCCA 


VEE 


NC 


FunctIon 


Address Inputs 


Data Inputs 


Data outputs 


Write enable (active low) 


Chip select (active low) 


Power supply 
(current switches 
and bias driver) 


Power supply 
(output devices) 


-5.2-volt 
power supply 


No connection 


-7.0 to +0.5 V 


VEE to +0.5V 


-30 to +0.1 mA 


-65 to + 15O"C 


-55 to + 125°C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


Truth Table 


Function 
CS 
WE 
DIN 
Output 


Not selected 
H 
X 
X 
L 


Write 0 
L 
L 
L 
L 


Write 1 
L 
L 
H 
L 


Read 
L 
H 
X 
°OUT 


Notes: 


(1) X - 
don't care. 


Capacitance 
f = 1 MHz 


Parameter 


Input capacitance 


Output 
capacitance 


Symbol 


CIN 


COUT 


Input 
Data 


Control 
Orcult 


Output 
Data 


Control 
Circuit 


NEe 


DC Characteristics 
TA - 0 to +75°C; VEE = -5.2 V; output 
load - 50 0 to -2.0 V; VCC - 
VCCA - 0 V 


Parameter 
Symbol 
Mln 
Typ 
Mu 
Unit 
Telt 
Condltlonl 


Output 
voltage, 
high 
VOH 
-1000 
-840 
mV 
VIN - 
VIH max or VIL mln; TA - o-C 


-960 
-810 
mV 
VIN - 
VIH max or VIL mln; TA - 25"C 


-900 
-720 
mV 
VIN - 
VIH max or VIL mln; TA - 75°C 


Output 
voltage, 
low 
VOL 
-1870 
-1665 
mV 
VIN - 
VIH max or VIL mln; TA - o-C 


-1850 
-1650 
mV 
VIN - 
VIH max or VIL mln; TA - 25°C 


-1830 
-1625 
mV 
VIN - 
V1H max or V1L mln; TA = 75°C 


Output 
threshold 
voltage, 
high 
VOHC 
-1020 
mV 
VIN - 
V1H mln or V1L max; TA - o-C 


-980 
mV 
V1N - 
V1H mln or V1L max; 
TA - 25°C 


-920 
mV 
VIN - 
VIH mln or VIL max; TA - 75°C 


Output 
threshold 
voltage, 
low 
VOLC 
-1645 
mV 
VIN - 
VIH mln or VIL max; TA - o-C 


-1630 
mV 
VIN - 
VIH mln or VIL max; TA - 25°C 


-1605 
mV 
VIN - 
VIH mln or VIL max; TA - 75°C 


Input voltage, 
high 
VIH 
-1145 
-840 
mV 
For all Inputs: 
TA - o-C 


-1105 
-810 
mV 
For all Inputs: 
TA - 25°C 


-1045 
-720 
mV 
For all Inputs: 
TA - 75°C 


Input voltage, 
low 
V1L 
-1870 
-1490 
mV 
For all Inputs: 
TA - o-C 


-1850 
-1475 
mV 
For all Inputs: 
TA - 25°C 


-1830 
-1450 
mV 
For all Inputs: 
TA - 75°C 


Input current, 
high 
IIH 
220 
,.A- 
VIN - 
VIH max 


Input current, 
low 
IlL 
0.5 
170 
,.A- 
For ~: 
VIN - 
VIL mln 


-50 
,.A- 
For all others: 
VIN - 
VIL mln 


Supply 
current 
lEE 
320 
mA 
AJllnputs 
and outputs 
open 


Notel: 


(1) The device 
under testis 
mounted 
In a test socket 
and measured 
lEI 


at a thermal 
equilibrium 
established 
with 
a transverse 
air flow 


maintalned 
at greater 
than 2.0 mls. 


NEe 


AC Characteristics 
TA - 
0 to +75°C; VEE = -5.2 V ± 5'll>;output 
load - 
50 0 to -2.0 V; vcc - VCCA - 
0 V 


"PB10A484-S 
"PB10A484-7 


Parameter 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Mu 
UnIt 
Test Conditions 


RBsd OpBrstion 


Address access time 
tM 
5 
7 
ns 


Chip select recovery time 
tACS 
3.5 
4 
ns 


Chip select access time 
tICS 
3.5 
4 
ns 


WrltB OpBrstion 


Write pulse width 
tw 
6 
8 
ns 


Data setup time 
tWSD 
t 
1 
ns 


Data hold time 
tWHD 
2 
2 
ns 


Address setup time 
tWSA 
1 
1 
ns 


Address hold time 
tWHA 
2 
2 
ns 


Chip select setup time 
twSGS 
1 
1 
ns 


Chip select hold time 
tWHCS 
2 
2 
ns 


Write disable time 
tws 
3.5 
5 
ns 


Write recovery time 
tWA 
7 
9 
ns 


Output RisB snd FslI TimBs 


Output 
rlse time 
tA 
2 
2 
ns 


Output fall time 
tF 
2 
2 
ns 


Notes: 


(1) The device under test Is mounted In a test socket and measured 
(2) Input 
pulse 
levels - 
-1.7 
to -0.9V; 
Input 
rise and fall 
times 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 
(measured 
between 
2O'll>and SO'll>or SO'll>and 2O'll» - 
2.5 ns; 


maintained 
at greater than 2.0 mls. 
Input and output timing 
reference level - 
5O'll>. 


NEe 


[1JRl =500. 


[2J Cl 
= 30 pF. 


Not.: 


[1J tR= IF = 2.5 ns (typ). 
J1= 


800VO 


20%--------- 


IF 


Note: 


(1] Address 
Is valid more than 2 ns prior to the low transition of CS. 


__ 
)(50%=--- 
·~tAA==i 


~===================================~_J__ 
~~5=O'll=.========================== 
Note: 


[1J Cs =VIL· 


• 
IW 
. 


lWSD- 
I---IWHD 
Lb:" 


II 
,=.-dJ 
E 


L,.,j 


lWR-----<1 


Description 


The pPD10500is a very high-speed SiGMaS RAMwith a 
10K EGl 
interface. 
Its unique design uses blended 


CMOS and bipolar peripheral circuits and N-channel 
MaS memory cells. The device is organized as 262,144 
words by 1 bit and is designed with an open-emitter 
output (noninverted) and low power consumption. Two 
versions with fast access times of 15 and 20 ns maxi- 
mum are available in hermetic, 300-mil, 24-pin cerdip 
packaging. 


Features 


o SiGMaS technology 
o 262,144-wordx 1-bit organization 
o 10KEGl interface 
o Open-emitter output (noninverted) 
o Fast access times 
o low power consumption 
o 300-mil, 24-pin cerdip packaging 


Part Number 


pPD105000-15 


0-20 


Access 
Time (max) 


15 ns 


20ns 


Power 
Consumption 
(max) 


832 mW 


Package 


24-pin cerdip 


Pin Configuration 


24-Pin Cerdip 


Pin Identification 


Symbol 


Ao - A17 


01 


DO 


CS 


WE 


VCC, 
VCCA 


VEE 


Function 


Address inputs 


Data input 


Data output 


Chip select 


Write enable 


Ground 


-5.2-volt 
power supply 
II 


NEe 


Absolute Maximum Ratings 


Supply voltage, VEE 


Input voltage, VIN 


Output 
current, lOUT 


Storage temperature, 
TSTG 


Storage temperature 
under bias, TSTG (bias) 


Exposure 
to Absolute 
Maximum 
Ratings for extended 
periods may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits specified 
under DC and AC Characteristics. 


Truth Table 


-7.0 to +0.5 V 
CS 
WE 


VEEto 
+0.5V 
H 
X 


-30 to +0.1 mA 
L 
L 


-65 to + 15O'C 
L 
L 


-55 to + 125°C 
L 
H 


Function 
Output 


Not selected 
L 


Write 0 
L 


Write 1 
L 


Read 
DoUT 


Note.: 


(1) X - 
don't care. 


Capacitance 
f = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CIN 
4 
pF 


Output 
capacitance 
CoUT 
6 
pF 


t-IEC 


DC Characteristics 
TA = 0 to +75'C; 
VEE = -5.2 V :1:5%;output 
load = 50 a to -2.0 V; vcc = VCCA = 0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test 
Conditions 


Output 
voltage, 
high 
VOH 
-1000 
-840 
mV 
VIN = VIH max or VIL mln; TA = O'C 


-960 
-810 
mV 
VIN = VIH max or VIL min; TA = 25'C 


-900 
-720 
mV 
VIN = VIH max or VIL mln; TA = 75'C 


Output 
voltage, 
low 
VOL 
-1870 
-1665 
mV 
VIN = VIH max or VIL mln; TA - O'C 


-1850 
-1650 
mV 
VIN = VIH max or VIL mln; TA • 25'C 


-1830 
-1625 
mV 
V1N • 
V1H max or V1L min; TA = 75'C 


Output 
threshold 
voltage, 
high 
VOHC 
-1020 
mV 
V1N • 
V1H mln or V1L max; TA - 
O'C 


-960 
mV 
VIN = V1H min or V1L max; TA - 
25'C 


-920 
mV 
VIN = VIH min or VIL max; TA = 75'C 


Output 
threshold 
voltage, 
low 
VOLC 
-1645 
mV 
VIN • 
VIH mln or VIL max; TA • 
O'C 


-1630 
mV 
VIN • 
VIH mln or VIL max; TA - 
25'C 


-1605 
mV 
VIN = VIH mln or VIL max; TA • 
75'C 


Input voltage, 
high 
VIH 
-1145 
-840 
mV 
For all Inputs: 
TA = O'C 


-1105 
-810 
mV 
For all Inputs: 
TA • 
25'C 


-1045 
-720 
mV 
For all Inputs: 
TA - 75'C 


Input voltage, 
low 
V1L 
-1870 
-1490 
mV 
For all Inputs: 
TA = O'C 


-1850 
-1475 
mV 
For all Inputs: 
TA - 25'C 


-1830 
-1450 
mV 
For all Inputs: 
TA = 75'C 


Input current, 
high 
IIH 
220 
,.A 
VIN· 
VIH max 


Input current, 
low 
IlL 
0.5 
170 
,.A 
For ~: 
VIN = VIL min 


-50 
,.A 
For all others: 
VIN = VIL mln 


Supply 
current 
lEE 
-160 
mA 
All inputs 
and outputs 
open 


Notes: 


(1) The device 
under test Is mounted 
in a test socket 
and measured 
II 


at a thermal 
equilibrium 
established 
with 
a transverse 
air flow 


maintained 
at greater 
than 2.0 m/s. 


AC Characteristics 
TA = 0 to +75°C; 
VEE = -5.2 V ± 5'Jl> 


"PD10SOO-15 
"PD10SOO-20 


Parameter 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Resd Operstion 


Address access time 
tAA 
15 
20 
ns 


Chip select access time 
tACS 
10 
15 
na 


Chip select recovery time 
tRCS 
10 
15 
na 


Write Operstlon 


Write pulse width 
tw 
10 
15 
na 


Data setup time 
tWSD 
2 
2 
na 


Data hold time 
tWHD 
3 
3 
na 


Address setup time 
tWSA 
2 
2 
na 


Address hold time 
tWHA 
3 
3 
na 


Chip select aetup time 
twscs 
2 
2 
na 


Chip select hold time 
tWHCS 
3 
3 
na 


Write disable time 
tws 
10 
15 
na 


Write recovery time 
tWR 
18 
23 
na 


Output Rise snd FslI Times 


Rise time 
tR 
2 
2 
na 


Fall time 
tF 
2 
2 
na 


Notes: 


(1) The device under test (DUD Is mounted 
In a teat socket and Is 
(2) Input pulse levels = -1.7 
to -0.9 V; Input 
rise and fall 
times 
measured at a thermal equilibrium 
established 
with a transverse 
(measured 
between 20% and 80% or 80% and 20%) = 2.5 ns; 
air flow maintained 
at greater than 2.0 mls. 
Input and output timing 
reference levels = 50%. 


NEe 


[ll 
RL =500. 


[2] CL =30 pF. 


=1l 


80'10 


20% 
--------- 


IR 


Note: 


[1] tR=tF=2.5ns(typ). 
! 


800YO 


20%--------- 


IF 


II 


ttiEC 


Timing Waveforms 


Chip select Access Cycle 


Note: 


[1] Address 
is valid more than 2 ns prior to the low transition of CS. 


Note: 


11l Cs=VIL~r 
r 


Address 
1 
1 
I 
I 


01 Frt,~~· .~,-"=m 


lW 


- 


Lh;;" 


\ 
,:;dJ 


WE 


DO 
L,J 
1 
I. 
lWR 


aJ1H-5973B 


NEe 
NEe Electronics Inc. 


,.,PD10504 


65,536 x 4·Bit 


10K BiCMOS ECL RAM 


Description 


The pPD10504is a very high-speed SiCMOS RAMwith a 
10K ECl 
interface. 
Its unique design uses blended 


CMOS and bipolar peripheral circuits and N-channel 
MaS memory cells. The device is organized as 65,536 
words by 4 bit and designed with an open emitter 
output (noninverted) and low power consumption. The 
pPD10504is available in hermetic, 400-mil, 32-pin cerdip 
packaging. 


Features 


o SiCMaS technology 
o 65,536-word x 4-bit organization 
o 10KECl interface 
o Open emitter output (noninverted) 
o Fast access times 
o Low power consumption 
o 400-mil, 32-pin cerdip packaging 


Access 
Time (max) 


15 ns 


Power 
Consumption 
(max) 


936 mW 


Package 


32-pin cerdip 


Pin Configuration 


32-Pin Cerdip 


Pin Identification 


Symbol 


Ao- A15 


011 - 014 


001 - 0°4 


CS 


WE 


NC 


011 
012 


013 


014 
00, 
002 
Vcc 


VCCA 
003 
004 
Ao 
A, 


A2 


A3 


A4 


Address inputs 


Data inputs 


Data outputs 


Chip select 


Write enable 


Ground 
II 


Absolute Maximum Ratings 
Truth Table 


Supply voltage, VEE 
-7.0 to to.5 
V 
CS 
WE 


Input voltage, V1N 
VEEto 
to.5 
V 
H 
X 


Output 
current, 
lOUT 
-30 to +0.1 mA 
L 
L 


Storage temperature, 
TSTG 
-65 to + 150'C 
L 
L 


Storage temperature 
under bias, TSTG (bias) 
-55 to + 125°C 
L 
H 


Function 


Not selected 


Write a 


Write 1 


Read 


Output 


L 


L 


L 


DOUT 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 
affect device reliability; 
exceeding tho ratings could cause permanent 
damage. The device should 
be operated within 
the limits 
specified 
under DC and AC Characteristics. 


Capacitance 
f = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CIN 
4 
pF 


Output 
capacitance 
COUT 
6 
pF 


RJW 
Control 


Circuit 


fttfEC 


DC Characteristics 
TA = 0 to +75'C; 
VEE = -5.2 V ~5%; outputload 
= 50 0 to -2.0 V; Vcc = VCCA = 0 V 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


Output voltage, high 
VOH 
-1000 
-840 
mV 
V1N= VIH max or VIL min; TA = O'C 


-950 
-810 
mV 
VIN = VIH max or VIL min; TA = 25'C 


-900 
-720 
mV 
VIN = V1Hmax or VIL min; TA = 75'C 


Output voltage, low 
VOL 
-1870 
-1665 
mV 
VIN = VIH max or VIL min; TA = O'C 


-1850 
-1650 
mV 
VIN = VIH max or VIL min; TA = 25'C 


-1830 
-1625 
mV 
VIN = V1Hmax or VIL min; TA = 75'C 


Output threshold 
voltage, high 
VOHC 
-1020 
mV 
VIN = VIH min or V1Lmax; TA = O'C 


-980 
mV 
VIN = VIH min or V1Lmax; TA = 25'C 


-920 
mV 
VIN = VIH min or VIL max; TA = 75'C 


Output threshold 
voltage, low 
VOLC 
-1645 
mV 
V1N= VIH min or VIL max; TA = O'C 


-1630 
mV 
V1N= VIH min or VIL max; TA = 25'C 


-1605 
mV 
VIN = VIH min or VIL max; TA = 75'C 


Input voltage, high 
VIH 
-1145 
-840 
mV 
For all inputs: TA = COC 


-1105 
-810 
mV 
For all inputs: TA = 25'C 


-1045 
-720 
mV 
For all inputs: TA = 75'C 


Input voltage, low 
VIL 
-1870 
-1490 
mV 
For all inputs: TA = O'C 


-1850 
-1475 
mV 
For all inputs: TA = 25'C 


-1830 
-1450 
mV 
For all inputs: TA = 75'C 


Input current, high 
IIH 
220 
p.A 
VIN = V1Hmax 


Input current, low 
IlL 
0.5 
170 
p.A 
For 'CS: VIN = VIL min 


-50 
",A 
For all others: VIN = VIL min 


Supply current 
lEE 
-180 
mA 
All inputs and outputs 
open 


Notes: 


(1) The device under test is mounted in a test socket and measured 
lEI 


at a thermal 
equilibrium 
established 
with a transverse 
air 110w 


maintained 
at greater than 2.0 m/s. 


ftilEC 


AC Characteristics 
TA = 0 to +75'C; VEE = -5.2 V ± 5% 


"PD10504-15 


Mln 
Typ 
Max 
Unit 
Test Conditions 


15 
ns 


10 
ns 


10 
ns 


10 
ns 


2 
ns 


3 
ns 


2 
ns 


3 
ns 


2 
ns 


3 
ns 


10 
ns 


18 
ns 


2 
ns 


2 
ns 


Parameter 
Symbol 


Read Operation 


Address access time 
tAA 


Chip select access 1ime 
tACS 


Chip select recovery time 
tRCS 


Write Operation 


Write pulse width 
tw 


Data setup time 
twso 


Data hold time 
tWHO 


Address setup time 
tWSA 


Address hold time 
tWHA 


Chip select setup time 
tW5CS 


Chip select hold time 
tWHCS 


Write disable time 
tws 


Write recovery 1ime 
tWR 


Output Rise and Fall Times 


Rise time 
tR 


Fall time 
tF 


Notes: 


(1) The device under test is mounted in a test socket and is measured 
at a thermal 
equilibrium 
established 
with a transverse 
air flow 
maintained 
at greater than 2.0 m/s. 


(2) Input pulse levels = -1.7 
to -0.9 V; input 
rise and fall 
times 


(measured 
between 
20% and 80% or 80% and 20%) = 2.0 ns; 


input and output timing 
reference levels = 50%. 


NEe 


(1) RL-SOO. 


[2) CL =30 pF. 


Nole: 


[1) tR-tF=2.0ns(typ). 
l 


BO.Yo 


20%--------- 


IF 


Timing Waveforms 


Chip Select Access Cycle 


Note: 


[1J Cs~VIL' 


[2} WE~VIH' 


. 
lW 
. 


lWSO- 
-lWHO 
Lb::M 
lWHA 


lWHCS 


t-IEC 
NEe Electronics Inc. 


I£PB100422 
256 x 4·Bit 


100K Eel 
RAM 


Pin Configurations 


24-Pin Ceramic DIP 


Description 


The /tPB100422 
is a very high-speed 
100K interface 
ECL 
RAM organized 
as 256 words 
by 4 bits and designed 
with 
noninverted, 
open-emitter 
outputs 
and low power 
con- 
sumption. 
Two versions 
with 
fast 
access 
times 
of 7 or 
10 ns maximum 
are available 
in 24-pin 
ceramic 
DIP or 
ceramic 
flatpack 
packaging. 


014 
853 
OO:J 
854 
0°4 
Vee 
VeeA 
0°1 
851 
0°2 
852 
011 


Features 


o 
256·word 
x 4·bit organization 
o 
100K ECL interface 


o 
Noninverted, 
open-emitter 
outputs 
o 
Fast access times 
o 
Low power consumption 


o 
400-mil, 
24-pin ceramic 
DIP or 24-pin ceramic 


flatpack 
packaging 


Ordering Information 


Access 
Supply 
Time (max) 
Current 
(mln) 


7 ns 
-220 mA 


Package 


24-pln ceramic DIP 
"PB100422D-7------ 
0-10 


"PB1004228-7 


8-10 


10 ns 


7 ns 


10 ns 


-220mA 
24-pln ceramic 
flatpack 
24 
19 
A3 
1 
18 
As 


A4 
WE 


013 
~PB100422 
012 I] 


014 
011 


853 
852 


003 
6 
13 
0°2 


7 
12 


I,;; 0 8 <3QIJi 
c:oo>uot:O> 


t-{EC 


Absolute Maximum Ratings 


Supply 
voltage, 
VEE to Vee 


Input voltage, 
V1N 


Output 
current, 
lOUT 


Storage 
temperature, 
TSTG 


Storage 
temperature, 
under 
bias, TSTG (bias) 


Symbol 


Ao-A7 
M1-M4 


011-014 
001-004 


WE: 


Vee 


VeeA 


VEE 


Function 


Addresses 


Block select 
Inputs 


Data Inputs 


Data outputs 


Write 
enable 


Power supply 
(current 
switches 
and bias driver) 


Power supply 
(output 
devices) 


Power supply 


-7.0 
to 
+0.5 
V 


VEEto 
+0.5 
V 


-30 
to 
+0.1 
mA 


-65 to + 1OO'C 


- 55 to 
+ 125'C 


Exposure 
to Absolute 
Maximum 
Ratings 
for extended 
periods 
may 


affect device 
reliability; 
exceeding 
the ratings 
could cause 
permanent 


damage. 
The device 
should 
be operated 
within 
the limits 
specified 


under 
DC and AC Characteristics. 


Capacitance 


Parameter 


Input capacitance 


Output 
capacitance 


BS 
WE 
01 
DO 
Function 


Symbol 
Mln 
Typ 
Max 
Unit 
H 
X 
X 
L 
Not Selected 


CIN 
4 
pF 
L 
L 
L 
L 
Write 
"0" 


COUT 
5 
pF 
L 
L 
H 
L 
Write "I" 


L 
H 
X 
Data Valid 
Read 


Note.: 


(1) The Block Select Input for each of the four memory 
blocks Is used 


Independently 
as shown 
In the block 
diagram. 


NEe 


DC Characteristics 
TA = 0 to +85 'C; VEE = -4.5 V; output 
load = 50 11to -2.0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Output 
voltage, high 
VOH 
-1025 
-880 
mV 
VIN = V1Hmax or VIL min 


Output voltage, low 
VOL 
-1810 
-1620 
mV 
V1N= VIH max or VIL min 


Output threshold 
voltage, high 
VOHC 
-1035 
mV 
V1N= VIH min or VIL max 


Output 
threshold 
voltage, low 
VOLC 
-1610 
mV 
VIN = VIH min or V1Lmax 


Input voltage, high 
VIH 
-1165 
-880 
mV 
For all inputs 


Input voltage, low 
VIL 
-1810 
-1475 
mV 
For all inputs 


Input current, 
high 
IIH 
220 
p.A 
VIN = V1Hmax 


Input current, 
low 
IlL 
0.5 
170 
p.A 
For BS"t-BS"4:VIN = VIL min 


-50 
p.A 
For all others: VIN = VIL min 


Supply current 
lEE 
-220 
mA 
All inputs and outputs 
open 


Notes: 


(1) Device under test is mounted in a test socket and measured at a 
thermal equilibrium 
established 
with a transverse air flow main- 


tained at greater than 2.0 m/s. 


AC Characteristics 
TA = Oto +85'C; 
VEE = -4.5V 
± 5% 


p.PB100422·7 
p.PB100422-10 


Parameter 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Read Operation 


Block select access time 
tABS 
5 
5 
ns 


Block select recovery time 
tRBS 
5 
5 
ns 


Address access time 
tAA 
7 
10 
ns 


Writ. Operation 


Write pulse width 
tw 
5 
6 
ns 
IE] 


Data setup time 
tWSD 
1 
2 
ns 


Data hold time 
tWHD 
1 
2 
ns 


Address setup time 
tWSA 
1 
2 
ns 


Address hold time 
tWHA 
2 
ns 


Block select setup time 
twSBS 
2 
ns 


Block select hold time 
tWHBS 
2 
ns 


Write disable time 
tws 
5 
5 
ns 


Write recovery time 
tWR 
6 
9 
ns 


Output Ri•• and FIlII Times 


Output 
rise time 
tR 
2 
2 
ns 


Output 
fall time 
tF 
2 
2 
ns 


Notes: 


(1) Device under test is mounted In a test socket and measured at a 


thermal equilibrium 
established 
with a transverse air flow main- 


tained at greater than 2.0 mls. 


(2) All timing 
measurements 
are referenced to 50% input levels. 


(3) The output 
load Is shown In figure 1. 


(4) Input transition 
times are shown in figure 2. 


[1) RL =500. 


[2) CL~30pF. 


! 


800VO 


20%--------- 


IF 
=fl 


VO 


_________ 
2_0% 


IR 


Noto: 


[1J IR ~ IF ~ 2.5 ns (typ). 


NEe 


Timing Waveforms 


Chip Select Access 


Note: 
[lJ Addressis validmorethan 2 ns priorto the lowtransitionof85. 


~'M=:j 


DO ===============================_~X=50':=¥.====================== 
Note: 


[lJ BS = VIL 
r~---1 


Address_f-_ 
-- 
-- 
-- 
--- 
-- 
-- 
-- 
---- 
-- 
-- 
-~f 
t~--j 
.. 
tw 
• 
lWSD- 
-IWHD 
Lb:::" 
,::dJ 


L,~J 
lWR.~1 


NEe 


NEe 
NEe Electronics 
Inc. 


p.PB100470 


4,096 x 1-BIT 


100K Eel 
RAM 


Description 


The /LPB100470is a very high-speed 100Kinterface ECl 
RAM with full voltage and temperature compensation. 
The device is organized as 4K words by 1 bit, and is 
designed with an open emitter output (noninvertedj for 
low power consumption. Two fast access time versions 
are available: 10 ns maximum and 15 ns maximum. The 
/LPB100470is available in a hermetic, 300-mil. 18-pin 
cerdip. 


o 4,096-word x 1-bit organization 
o 100KECl interface with full voltage and temperature 


compensation 


o Open emitter output (noninvertedj 
o Fast access times 
o low power consumption 
o 300-mil, 18-pin cerdip packaging 


Part Number 


"PB100470D-10 


0-15 


Access 
Time (max) 


10 ns 


15 ns 


Package 


18-pin cerdip 


Pin Configuration 


IS-Pin cerdip 


Pin Identification 


Symbol 


Ao - A11 


DIN 


DOUT 
CS 


WE 


DOUT 
Ao 


A1 


A2 


A3 


A4 
As 


A6 


vEE 


Function 


Address inputs 


Data input 


Data output 


Chip selec1 


Write enable 


Ground 


-4.5-volt 
power supply 


Absolute Maximum Ratings 
Truth Table 


Supply voltage, VEE to VCC 
-7.0 to +0.5 V 
"C"S 
WE 


Input voltage, V1N 
VEE to +0.5 V 
H 
X 


Output current, 
lOUT 
-30 to +O.t mA 
L 
L 


Storage temperature, 
TSTG 
-65 to + t50°C 
L 
L 


Storage temperature 
under bias, TSTG (bias) 
-55 to + t25°C 
L 
H 


DIN 
Function 
Output 


X 
Not selected 
L 


L 
Write 0 
L 


H 
Writet 
L 


X 
Read 
DOUT 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits specified 
under DC and AC Characteristics. 


Notes: 


(t) 
X = don't care. 


Capacitance 


Parameter 


Input capacitance 


Output capacitance 


Symbol 


CIN 


COUT 


64 x 64 
Memory Cell 
Array 


DC Characteristics 
TA =0 to +85'C; 
VEE = -4.5 V; output load = 500 
to -2.0 V 


Parameter 
Symbol 
Mln 
Max 
Unit 
Test Conditions 


Output voltage, high 
VOH 
-1025 
-880 
mV 
V1N= V1H(max) or V1L(min) 


Output voltage, low 
VOL 
-1810 
-1620 
mV 


Output threshold 
voltage, high 
VOHC 
-1035 
mV 
VIN = VIH (min) or VIL (max) 


Output threshold 
voltage, low 
VOLC 
-1610 
mV 


Input voltage, high 
VIH 
-1165 
-880 
mV 
Guaranteed 
input voltage high for all inputs 


Input voltage, low 
V1L 
-1810 
-1475 
mV 
Guaranteed 
input voltage low for all inputs 


Input current, high 
IIH 
220 
/"A 
V1N= V1H(max) 


Input current, low 
IlL 
0.5 
170 
/"A 
For CS: V1N= V1L(min) 


-50 
".A 
For all others: V1N= V1L(min) 


Supply current 
lEE 
-220 
mA 
All Inputs and outputs 
open 


Notes: 


(1) The device under test (OUT) is mounted 
in a test socket and is 


measured at a thermal equilibrium 
established 
with a transverse 


air flow maintained 
at greater than 2.0 m/s. 


AC Characteristics 
TA = 0 to +85°C; VEE = -4.5 V :t 5% 


".PB100470·10 
".PB 100470-15 


Parameter 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Rod Operation 


Address access time 
tAA 
10 
15 
ns 


Chip select access time 
tACS 
6 
8 
ns 


Chip select recovery time 
tRCS 
6 
8 
ns 


Writ. Operation 


Write pulse width 
tw 
10 
15 
ns 
III 


Data setup time 
tWSD 
2 
2 
ns 


Data hold time 
tWHD 
2 
2 
ns 


Address setup time 
tWSA 
3 
3 
ns 


Address hold time 
tWHA 
2 
2 
ns 


Chip select setup time 
twSCS 
2 
2 
ns 


Chip select hold time 
tWHCS 
2 
2 
ns 


Write disable time 
tws 
6 
8 
ns 


Write recovery time 
tWR 
10 
10 
ns 


Output Ri_ and FtlII Times 


Rise time 
tR 
2 
2 
ns 


Fall time 
tF 
2 
2 
ns 


Notes: 


(1) The device under test (OUT) is mounted 
in a test socket and is 


measured at a thermal equili brium established 
with a transverse 


air flow maintained 
at greater than 2.0 m/s. 


NEe 


[lJ RL ~50n. 


[2J CL = 30 pF. 


ill- 


% 


________ 
2_0% 


tR 


Note: 


[1) IR= IF = 2 ns (typ). 


J1= 


80'1VO 


20%--------- 


IF 


NEe 
ILPB100470 


Timing Waveforms 


Chip Select Access Cycle 


cs 


L""J 
(,=] 


DOUT 


831H-59728 


Address Access Cycle 


Address 
e 


DOUT 
'AA=1 


50% 


831H-61448 


Write Cycle 


cs r 
1 


Address 


f 
h 
I 
II 
DIN 


E,ww 
,w,3 


I 
I 


tw 


WE Lh,~ 
,;~dJ 


DOUT 
~,~J 
1 
I- 
tWR 


83tH-59738 


NEe 
NEe Electronics Inc. 


IIPB100474 


1,024, x 4·Bit 


100K Eel 
RAM 


Description 


NEC's pPB100474 is a very high-speed 100K interface 
ECL RAM organized 
as 1,024 words by 4 bits and 


designed with open-emitter, noninverted outputs. It is 
available in a 24-pin cerdip, 24-pin ceramic LCC, or 
24-pin ceramic flatpack package. 


Pin Configurations 


24-Pin Cerdip 


Features 


o 1024-word by 4-bit organization 
o 100Kinterface ECL 
o Full voltage and temperature compensation 
o Noninverted, open emitter outputs 
o Fast access times 
o 24-pin cerdip, ceramic LCC, and ceramic flatpack 


packaging 


Ordering Information 
24-Pin Ceramic Flatpack 


Access 
Supply 
mco,...H:i<oU 


Part Number 
TIme (max) 
Current 
(mln) 
Package 
c:(c:«><z 


IlPB100474B-6 
6 ns 
-450 mA 
24-pin ceramic 


B-8 
8 ns 
-220mA 
flatpack 


6-10 
10 ns 


WE 
" 
24 
19 
B-15 
15 ns 
1 
18 
As 


IlPB100474D-8 
8 ns 
-220mA 
24-pln cerdip 
cs 
A4 


011 
A3 
0-10 
10 ns 
012 
IlP8100474 
A2 


0-15 
15 ns 
013 
Al 


014 
6 
13 
Ao II 


IlPB100474K-4.5 
4.5 ns 
-450mA 
24-pln ceramic 
7 
12 


K-6 
6 ns 
LCC 


A, 
A. 
A, 
V" 
A, 
NC 
As 


" 
._, .., .., ..,1.. 
16 15 
1. 
13 
12 
11 
WE 
J17 
9 [ 
A, 


cs 
J16 
8 [ 
A, 


01, 
J19 
p-PB100474 
7[ 
A, 


01, 
J 20 
6[ 
A, 


01, 
J 21 
, 
s[ 
A, 


22r2!, 
24 
" 


2 
3 • 
, 
,-, ", ,-, 


01, 
DO, 
00, 
Vcc 
YCCA 
DO, 
DO, 


t-IEC 


OUtput 
Data 
Control 
Circuit 


Input 
Data 


Control 
Circuit 


Function 


Addresses 


Data inputs 


Data outputs 


Write enable 


Chip select 


Power supply 
(current switches 
and bias driver) 


Power supply 
(output 
devices) 


Power supply 


No connection 


Absolute Maximum Ratings 


Supply voltage, VEE to Vcc 


Input voltage, VIN 


Output 
current, 'OUT 


Storage temperature, 
TSTG 


Storage temperature 
under bias, TSTG (Bias) 


-7.0 V to +0.5 


+0.5 V to VEE 


-30 mA to +0.1 


-65 to +lOO°C 


-55 to +125°C 


Symbol 


Ao-Ag 


011- 
014 


001 - 004 


WE 


CS 


Vcc 


VCCA 


VEE 


NC 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device 
reliability; 
exceeding 
the ratings 
could cause perma- 


nent 
damage. 
The device 
should 
be operated 
within 
the 
limits 


specified 
under DC and AC Characteristics. 


CS 
WE 
DIN 
Output 
Function 
Capacitance 
H 
x 
x 
L 
Not selected 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
L 
L 
L 
L 
Write 0 


Input capacitance 
CIN 
4 
pF 
L 
L 
H 
L 
Write 1 


Output 
capacitance 
COUT 
5 
pF 
L 
H 
X 
DoUT 
Read 


Notes: 


(1) X = don~ care. 


ttiEC 


DC Characteristics 
TA = 0 to +85·C; 
VEE = -4.5 V; output 
load = 500 to -2.0 V 


Parameter 
Symbol 
Mln 
Typ 


Output 
voltage, 
high 
VOH 
-1025 


Output 
voltage, 
low 
VOL 
-1810 


Output 
threshold 
voltage, 
high 
VOHC 
-1035 


Output 
threshold 
voltage, 
low 
VOlC 


Input voltage, 
high 
VIH 


Input voltage, 
low 
V1l 


Input current, high 
IIH 


Input current, 
low 
III 


Max 
Unit 
Test Conditions 


-880 
mV 
VIN = VIH max or Vil min 


-1620 
mV 
VIN = VIH max or Vil min 


mV 
VIN = VIH min or Vil max 


-1610 
mV 
VIN = VIH min or Vil max 


-880 
mV 
Guaranteed 
input voltage 
high for all inputs 


-1475 
mV 
Guaranteed 
input voltage 
low for all inputs 


220 
pA 
VIN = VIH max 


170 
pA 
For CS: VIN = Vil min 


pA 
For all others: VIN = Vil min 


mA 
tAA = 8/10/15 ns; all inputs and outputs 
open 


mA 
tAA = 4.5/6 ns; all inputs and outputs 
open (Note 2) 


-1165 


-1810 


-50 


-220 


-450 


Notes: 


(1) The device under test is mounted in a test socket and is measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 ms. 


(2) For the pPB100474-4.5/-6, 
take measures to reduce the thermal 


resistance 
and to keep the junction 
temperature 
less than 90 ·C. 


Forced 
air and appropriate 
fins on the substrate 
on which 
the 


package is mounted, or on the package itself, are recommended. 
The thermal resistance 
ofthe junction to the case (bottom side) of 


an LCC or flatpack 
package is less than 10'Crw. 


fttfEC 


AC Characteristics 
TA = 0 to +85·C; 
VEE = -4.5 V ±5% 


"PB100474-4.5 
"PB100474-6 
"PB100474-8 
"PB 100474-10 
"PB100474-15 


Parameter 
Symbol 
Mln 
Max 
Min 
Max 
Mln 
Max 
Min 
Max 
Mln 
Max 
Unit 


Read Operation 


Chip select access time 
tACS 
4 
4 
5 
6 
8 
ns 


Chip select recovery time 
tRCS 
4 
4 
5 
6 
8 
ns 


Address access time 
tAA 
4.5 
6 
8 
10 
15 
ns 


Write Operation 


Write pulse width 
tw 
4.5 
6 
6 
10 
15 
ns 


Data setup time 
tWSD 
2 
2 
ns 


Data hold time 
tWHD 
2 
2 
ns 


Address setup time 
tWSA 
1 
3 
3 
ns 


Address hold time 
tWHA 
2 
2 
2 
2 
ns 


Chip select setup time 
twscs 
2 
2 
ns 


Chip select hold time 
twHCS 
2 
2 
ns 


Write disable time 
tws 
4 
4 
5 
6 
8 
ns 


Write recovery time 
tWR 
4.5 
6 
8 
10 
10 
ns 


Notes: 


(1) The device under test is mounted in a test socket and is measured 
(3) See figures 1 and 2 for loading conditions 
and input pulse timing. 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 
For the JlPB100474-4.5/-6, CL = 5 pF. For the JlPB100474-8/10/15, 


maintained 
at greater than 2.0 m/sec. 
CL = 30 pF. 


(2) For the JlPB100474-4.5/-6, 
take measures to reduce the thermal 
(4) Output 
rise and fall times = 2 ns (typ). 


resistance 
and to keep the junction 
temperature 
less than 9O"C. 


Forced air and appropriate 
fins on the substrate 
on which 
the 
package is mounted, or on the package itse~, are recommended. 
Thethermal 
resistance 
ofthe junction tothe 
case (bottom side) of 


an LCC or flatpack 
package is less than 10·C/W. 


NEe 


Timing Waveforms 


Chip Select Access Cycle 


Note: 


[1] Address 
Is valid more than 2 ns prior to the low transition of es. 


[2J WE=VIH· 


Note: 


[1l Cs=VIL· 


[2} WE-VIH. 


NEe 


Timing Waveforms (cont) 


Write Cycle 


. 
lW 
. 


lWSD-- 
I---tWHD 
Lk:" 
,::dJ 
L,w,J 


NEe 
NEe Electronics 
Inc. 


JlPB100474A 
1,024 x 4·Bit 


100K Eel RAM 


Description 


The I£PB100474Ais a very high-speed 100K interface 
ECL RAM organized as 1,024 words by 4 bits and 
designed with noninverted, open emitter outputs and full 
voltage and temperature compensation. The device is 
packaged in a 24-pin cerdip or ceramic flatpack. 


Features 


[J 1,024word by 4-bit organization 


[J 100KECL interface 


[J Full voltage and temperature compensation 


[J Open emitter outputs (noninverted) 


[J Fast access times 


[J 24-pin cerdip and flatpack packaging 


Ordering Information 


Acce •• 
Supply 


Part Number 
Time (max) 
Current 
(mln) 
Package 


"PB100474AD-S 
Sns 
-250mA 
24-pln cerdlp 


AD-6 
6ns 


"PB100474ABH-S 
Sns 
-250mA 
24-pln ceramic 


ABH-6 
6 ns 
fJatpack 


Pin Configurations 


24-Pin cerdip 


DI2 


013 


DI4 


001 
0°2 
Vee 
VeeA 
003 


0°4 


AO 
A, 


A2 


24 
19 


WE 
1 
18 
As 
cs 
A4 


01, 


I'PB,OO 474A 
A3 II 


012 
AZ 


013 
A1 


014 
6 
13 
Ao 
7 
12 


Symbol 


Ao-Ag 


011-014 
001- 004 


WE 


"CS 


Vee 


VeeA 


VEE 


NC 


Function 


Address Inputs 


Data Inputs 


Data outputs 


Write enable 


Chip select 


Power supply 
(current switches and bias driver) 


Power supply 
(output devices) 


-4.5-volt 
power supply 


No connection 


Capacitance 
TA = 25'C; f = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CI 
4 
pF 


Output 
capacitance 
Co 
6 
pF 


Input 
Data 


Control 
Circuit 


Absolute Maximum Ratings 


Supply voltage, VEE to Vee 


Input voltage, VIN 


Output 
current, 
lOUT 


Storage temperature, 
TSTG 


Storage temperature 
under bias, TSTG (Bias) 


-7.0 to +0.5 V 


VEEto 
+0.5 V 


-30 to +0.1 mA 


-65 to + 150'C 


-55 to + 125'C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Truth Table 


Function 
CS 
WE 
DIN 
Output 


Not selected 
H 
X 
X 
L 


Write 0 
L 
L 
L 
L 


Write 1 
L 
L 
H 
L 


Read 
L 
H 
X 
°OUT 


Notes: 


(1) X •• don't care. 


Output 


Data 
Control 
Circuit 


NEe 


DC Characteristics 
TA a 0 to +85°C; VEE = -4.5 V; output 
load - 
50 0 to -2.0 V; VCC a VCCA = 0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Output voltage, high 
VOH 
-1025 
-880 
mV 
VIN - VIH (max) or VIL (mln) 


Output voltage, low 
VOL 
-1810 
-1620 
mV 
VIN = VIH (max) or VIL (min) 


Output 
threshold 
voltage, high 
VOHC 
-1035 
mV 
VIN = VIH (mln) or VIL (max) 


Output 
threshold 
voltage, low 
VOLC 
-1610 
mV 
VIN = VIH (mln) or VIL (max) 


Input voltage, high 
VIH 
-1165 
-880 
mV 


Input voltage, low 
V1L 
-1810 
-1475 
mV 


Input current, 
high 
IIH 
220 
lOA 
V1N= V1H(max) 


Input current, low 
IlL 
0.5 
170 
lOA 
For"O"S:V1N- 
V1L(mln) 


-50 
lOA 
For all others: VIN = VIL (min) 


Supply current 
lEE 
-250 
mA 
All Inputs and outputs 
open 


Notes: 


(1) The device under test (DUl) 
Is mounted 
In a test socket and Is 


measured ata thermal equilibrium 
established 
with a transverse 


air flow maintained 
at greater than 2.0 mlsec. 


AC Characteristics 
TA - 
0 to +85°C; VEE = -4.5 V :1:5%; output 
load = 50 0 to -2.0 V; VCC = VCCA - 
0 V 


"PB100474A-5 
"PB100474A-6 


Parameter 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Read Operation 


Address access time 
tM 
5 
6 
ns 


Chip select access time 
tACS 
3 
4 
ns 


Chip select recovery time 
tRCS 
3 
4 
ns 


Write Operation 


Write pulse width 
tw 
5 
6 
ns 
II 


Data setup time 
twso 
1 
1 
ns 


Data hold time 
tWHO 
ns 


Address setup time 
tWSA 
ns 


Address hold time 
tWHA 
ns 


Chip select setup time 
twSCS 
ns 


Chip select hold time 
tWHCS 
ns 


Write disable time 
tws 
3 
4 
ns 


Write recovery time 
tWR 
6 
7 
ns 


Rise and Fall Times 


Output 
rise time 
tR 
2 
2 
ns 


Output fall time 
tF 
2 
2 
ns 


Note.: 


(1) The device under test (DUl) 
Is mounted 
In a test socket and Is 


measured ata thermal equilibrium 
established 
with a transverse 


air flow maintained 
at greater than 2.0 mlsec. 


(2) See figures 1 and 2 for loading conditions 
and Input pulse timing. 


Input 
pulse levels - 
-1.7 
to -0.9 V; Input 
rise and fall 
times 


(measured between 20% and 80% or 80% and 20% ) = 2 ns; Input 
and output timing 
reference levels = 50%. 


t-{EC 


[1] RL =500. 


[2] CL =30 pF. 


-,j[ 


Nol.: 
11lIR=tF =2.5ns(typ). 


t-IEC 


Timing Waveforms 


Chip select Access Cycle 


Nol.: 


[1] Address 
is valid more than 2 ns prior to the low transition of CS. 


__ 
X~ 
_ 


'~tAA==-l 


DO ==============================~_J 
__ 
=5_0-%====================== 
Note: 


[1] CS ~VIL. 


• 
tw 
• 


twso- 
__ 
IWHO 
Lk:" 


1\ 
,=~ 


E 


L,wJ 
IWR------..1 


II 


,. ,..a...J ..••.. 
NEe Electronics Inc. 
1,024 x 4·Bit 


100K Eel RAM 


Description 


The J.lPB100474Eis a very high-speed 100K interface 
ECl 
RAM organized 
as 1,024 words by 4 bits and 
designed with noninverted, open emitter outputs and 
full voltage and temperature compensation. The device 
is packaged in a 24-pin cerdip or ceramic flatpack. 


Features 


o 1,024word by 4-bit organization 
o 100KECl interface 
o Full voltage and temperature compensation 
o Open emitter outputs (noninverted) 
o Fast access times 
o 24-pin cerdip and flatpack packaging 


Ordering Information 


Access 
Supply 
Part Number 
Time (max) 
Current 
(mln) 
Package 


IlPB100474ED-3 
3 ns 
-330mA 
24-pin cerdip 


ED-4 
4 ns 


IlPB100474EBH-3 
3 ns 
-330mA 
24-pin ceramic 


EBH-4 
4 ns 
flatpack 


Pin Configurations 


24-Pin Cerdip 


012 
013 
014 
0°1 
0°2 
Vcc 


VCCA 
0°3 
0°4 
AO 


A1 
A2 


24 
19 
WE 
1 
18 
AS 


Cs 
A4 •• 


011 
!1PB100474E 
A3 


012 
A2 


013 
A1 


014 
6 
13 
AO 


7 
12 


oS8C58o 
oo>uoo> 


tttfEC 


Input 
Data 
Control 
Circuit 


Output 


Data 
Control 
Circuit 


Absolute Maximum Ratings 


Supply voltage, VEE to VCC 


Input voltage, VIN 


Output 
current, lOUT 


Storage temperature, 
TSTG 


Storage temperature 
under bias, TSTG (Bias) 


Symbol 


Ao-Ag 


011-014 


001- 004 


WE 


CS 


VCC 


VCCA 


VEE 


NC 


Function 


Address inputs 


Data inputs 


Data outputs 


Write enable 


Chip select 


Power supply 
(current switches 
and bias driver) 


Power supply 
(output devices) 


-4.5-volt 
power supply 


No connection 


-7.0 to +0.5 V 


VEE to +0.5 V 


-30 to +0.1 mA 


-65 to +15O"C 


-55 to +125'C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding 
the ratings 
could 
cause perma- 


nent 
damage. 
The device 
should 
be operated 
within 
the 
limits 


specified 
under DC and AC Characteristics. 


Truth Table 


Function 
CS 
WE 
01 
Output 


Not selected 
H 
X 
X 
L 


Write 0 
L 
L 
L 
L 


Write 1 
L 
L 
H 
L 


Read 
L 
H 
X 
DO 


Notes: 


(1) X - 
don't care. 


Capacitance 
TA = 25'C; f = 1 MHz 


Parameter 


Input capacitance 


Output 
capacitance 


Symbol 


CJ 


Co 


NEe 


DC Characteristics 
TA = 0 to +85°C; VEE = -4.5 V; output 
load = 50 Oto -2.0 V; VCC = VCCA = 0 V 


Parameter 
Symbol 
Mln 
Typ 


Output 
voltage, 
high 
VOH 
-1025 


Output voltage, 
low 
VOL 
-1810 


Output threshold 
voltage, 
high 
VOHC 
-1035 


Output threshold 
voltage, 
low 
VOlC 


Input voltage, high 
VIH 
-1165 


Input voltage, 
low 
Vil 
-1810 


Input current, high 
IIH 


Input current, low 
III 
0_.5 
_ 


-50 


Max 
Unit 
Test Conditions 


-880 
mV 
V1N= VIH (max) or Vil (min) 


-1620 
mV 
VIN = VIH (max) or Vil (min) 


mV 
VIN = VIH (min) or Vil (max) 


-1610 
mV 
VIN = VIH (min) or Vil (max) 


-880 
mV 


-1475 
mV 


220 
JiA 
VIN = VIH (max) 


170 
JiA 
For CS: VIN = Vil (min) 


JiA 
For all others: VIN = Vil (min) 


mA 
All inputs and outputs 
open 


Notes: 


(1) The device under test is mounted in a test socket and is measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 
maintained 
at greater than 2.0 ms. 


AC Characteristics 
TA = 0 to +85°C; VEE = -4.5 V ±5%; output 
load = 50 Oto -2.0 V; VCC = VCCA = 0 V 


"PB 100474E-3 
"PB 100474E-4 


Parameter 
Symbol 
Min 
Typ 
Max 
Mln 
Typ 
Max 


Read Operation 


Address access time 
tAA 
3 


Chip select access time 
tACS 
2 


Chip select recovery time 
tACS 
2 


Write Operation 


Write pulse width 
tw 
5 
6 


Data setup time 
tWSD 
0.5 
0.5 


Data hold time 
tWHD 
0.5 
0.5 


Address setup time 
tWSA 
0.5 
0.5 


Address hold time 
tWHA 
0.5 
0.5 


Chip select setup time 
tWSCS 
0.5 
0.5 


Chip select hold time 
tWHCS 
0.5 
0.5 


Write disable time 
tws 
2 


Write recovery time 
tWA 
4 


Rise and Fall Times 


Output 
rise time 
tA 
2 
2 


Output 
fall time 
tF 
2 
2 


Notes: 


ns 


ns 


ns 


ns 
II 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


(1) The davice under test is mounted in a test socket and is measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 ms. 


(2) See figures 1 and 2 for loading conditions 
and input pulse timing. 


Input pulse 
levels = -1.7 
to -0.9 V; input 
rise and fall 
times 


(measured between 20% and 80% or 80% and 2D%) = 2 ns; input 
and output timing 
reference levels = 50%. 


Notes: 


[1] RL=SOO. 


[2] CL=10pF. 


Note: 


[1J tR = tF= 
2ns(typ). 


NEe 


Timing Waveforms 


Chip Select Access Cycle 


Note: 


[1] Address 
Is valid more than 2 ns prior to the low transition of CS. 


[2J WE-VIH· 


Note: 


[1J CS =VIL· 


(2) WE~VIH. 


ftt{EC 


Timing Waveforms 
(cant) 


Write Cycle~r 


f 
E 


1 
f 


=1 


. 
tw 
. 


tWSD- 
-tWHD 


LbM 
,::dJ 
L,..j 
tWR~1 


NEe 
NEe Electronics Inc. 


JlPB100480 


16,384 x 1·Bit 


100K Eel RAM 


Description 


The pPB100480is a very high-speed 100Kinterface ECl 
RAM with full voltage and temperature compensation. 
The device is organized as 16,384 words by 1 bit and 
designed with noninverted, open-emitter outputs and 
low power consumption. Two versions with fast access 
times of 10ns and 15 ns maximum are available. The 
pPB100480 is packaged in a hermetic, 300-mil, 20-pin 
cerdip or 20-pin ceramic flatpack. 


o 16,384-wordx 1-bit organization 
o 100KECl interface with full voltage and 


temperature compensation 


o Noninverted, open-emitter outputs 
o Fast access times of 10and 15ns maximum 
o low power consumption 
o 300-mil, 20-pin cerdip or 20-pin ceramic flatpack 


packaging 


Ordering Information 


Power 
Access 
Consumption 


Part Number 
Time (max) 
(max) 
Package 


IlPB100480D-10 
10 ns 
1.2W 
20 -p in cerdip 


D-15 
15 ns 
1.1W 


IlPB100480B-10 
10 ns 
1.2W 
20-pin 
ceramic 


8-15 
15 ns 
1.1W 
flatpack 


Pin Configurations 


20-Pin Cerdip 


DO 
1 
20 
vcc 


Ao 
2 
19 
01 


A1 
3 
18 
Cs 


A2 
4 
0 
17 
WE 
'" 
A3 
S 
" 
16 
A13 
00 
A4 
6 
ii.i 
1S 
A12 


"- 
As 
7 
:l. 
14 
An 


A6 
8 
13 
AlO 


A7 
9 
12 
A9 


VEE 
10 
11 
A8 


83IH-6191A II 


Pin Identification 


Symbol 


Ao-A13 


OJ 
DO 
~ 


WE 


Vcc 


VEE 


Absolute Maximum Ratings 


Supply voltage, VEE 


Input voltage, V1N 


Output current, lOUT 


Storage temperature, 
TSTG 


Storage temperature 
under bias, TSTG (bias) 


Function 


Address Inputs 


Data input 


Data output 


Chip select 


Write enable 


Ground 


-4.5-volt 
power supply 


-7.0 to to.5 V 


VEEto to.5V 


-30 to to.1 mA 


-65 to +150'C 


-55 to t 125'C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the Jimits specified 


under DC and AC Characteristics. 


Capacitance 
TA ~ 25'C; f ~ 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CIN 
4 
pF 


Output 
capacitance 
COUT 
6 
pF 


Truth Table 
cs 
WE 
DIN 
Output 
Mode 


H 
X 
X 
L 
Not selected 


L 
L 
L 
L 
Write a 


L 
L 
H 
L 
Write 1 


L 
H 
X 
DOUT 
Read 


Notes: 


(1) X = don't care. 


NEe 


DC Characteristics 
TA = 0 to +85°C; VEE = -4.5 V; output 
load = 50 II to -2.0 V; vcc 
= 0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 


Output 
voltage, high 
VOH 
-1025 
-880 


Output voltage, low 
VOL 
-1810 
-1620 


Output threshold 
voltage, high 
VOHC 
-1035 


Output threshold 
voltage, low 
VOLC 


Input voltage, high 
VIH 


Input voltage, low 
V1L 


Input current, high 
IIH 


Input current, 
low 
IlL 


-1165 


-1810 


-50 


-260 


-240 


Test Conditions 


VIN = VIH max or VIL mln 


VIN = VIH max or V1Lmln 


VIN = VIH min or VIL max 


VIN = VIH mln or VIL max 


Guaranteed 
Input voltage high for all Inputs 


Guaranteed 
Input voltage low for all Inputs 


VIN = V1Hmax 


For~: 
VIN = VIL mln 


For all others: VIN = VIL mln 


For "PB100480-10: 
all Inputs and outputs 
open 


For "PB100460-15: 
all Inputs and outputs 
open 


Notes: 


(1) The device under test Is mounted In a test socket and measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 mts. 


AC Characteristics 
TA = 0 to +85°C; VEE = -4.5 V ±5% 


"PB100480·10 
"PB100480·15 


Parameter 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Unit 
Test Conditions 


RlNld Operation 


Address access time 
tAA 
10 
15 
ns 


Chip select recovery time 
tRCS 
5 
8 
ns 


Chip select access time 
tACS 
5 
8 
ns 


Writ. Operation 
IEJ 


Write pulse width 
tw 
10 
15 
ns 


Data setup time 
tWSD 
2 
3 
ns 


Data hold time 
tWHD 
2 
ns 


Address setup time 
tWSA 
2 
3 
ns 


Address hold time 
tWHA 
1 
2 
ns 


Chip select setup time 
twscs 
2 
3 
ns 


Chip select hold time 
tWHCS 
1 
2 
ns 


Write disable time 
tws 
5 
8 
ns 


Write recovery time 
tWR 
11 
17 
ns 


Output Ri•• and Fall Times 


Output 
rise time 
tR 
2 
2 
ns 


Output 
fall time 
tF 
2 
2 
ns 


Not.s: 


(1) The device under test Is mounted 
In a test socket and measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 mts. 


(2) Input 
pulse levels = -1.7 
to -0.9 V; Input 
rise and fall 
times 


(measured between 20% and 60% or 80% to 20%) - 2.5 ns; Input 
and output timing 
reference level = 50%. 


NEe 


[1JRL=son. 


[2J CL ~30pF. 


A 


vo 


________ 
2_0% 


IR 


Note: 


[1J tR~ IF ~ 2.5 ns (typ). 
! 


800VO 


20% 


--------- 


IF 


NEe 


Nol.: 


[1) Address 
is valid more than 2 ns prior to the low transition of Cs. 


Note: 


[1] Cs = VIL 


Cs r 
1 


Address 
f 
f 
I 
I 


DI 


E,w<o-' 
·~,w"j 


tw 


WE 
Lh::" 


II ,:dJ 


DO 
L,w,} 
1 
14 
tWR 


83IH·59SOB 


NEe 


NEe 
NEe Electronics 
Inc. 


#£PB100484 


4,096 x 4·Bi t 


100K Eel 
RAM 


Description 


The /£PB100484is a very high-speed 100Kinterface ECL 
RAM organized as 4,096 words by 4 bits with open- 
emitter outputs (noninverted). It is available in 28-pin 
cerdip or flatpack packages. 


Features 


o 4,096-word x 4-bit organization 
o 100KECL interface 
o Full voltage and temperature compensation 
o Open-emitter outputs (noninverted) 
o Fast access times and low power consumption 
o 28-pin cerdip and 28-pin flatpack packaging 


Ordering Information 


Access 
Supply 
Current 


Part Number 
TIme (max) 
(mln) 
Package 


"PB1004840-10 
10 ns 
-260mA 
28-pin cerdip 


0-15 
15ns 
-240mA 


}'PB1004848-10 
10 ns 
-260mA 
28-pin ceramic 


8-15 
15 ns 
-240mA 
f1atpack 


Pin Configurations 


28-Pin cetr/ip 


VCCA 


DOJ 


D04 


Ao 


A1 


A2 


A3 


A4 
As 


A6 


A7 


A8 
NC 


VEE 


VCCA 
1 
28 
VCC 


D03 
2 
27 
DO:1 


D04 
3 
26 
D01 


AO 
4 
25 
DI4 


A1 
5 
24 
DI3 


ci5 
A2 
6 
..• 
23 
DI2 


A3 
7 
8 
22 
011 
a; 
A4 
8 
Cl. 
21 
cs 
:I. 


AS 
9 
20 
WE1 


A6 
10 
19 
WE2 


A7 
11 
18 
NC 


A8 
12 
17 
A11 


NC 
13 
16 
A10 


VEE 
14 
15 
A9 


83IH-6173A II 


NEe 


Pin Identification 


Symbol 
FunctIon 


Ao - A11 
Address inputs 


011 - 014 
Data Inputs 


001 - 004 
Data outputs 


WE1, WE2 
Write enable (active low) 


~ 
Chip select (active low) 


Vcc 
Power supply 
(current switches 
and bias driver) 


VCCA 
Power supply 
(output devices) 


VEE 
-4.5-volt 
power supply 


NC 
No connection 


Absolute Maximum Ratings 
vcc = veeA = OV 


Supply voltage, VEE 


Input voltage, VIN 


Output 
current, lOUT 


Storage temperature, 
TSTG 


Storage temperature 
under bias, TSTG (bias) 


-7.0 to +0.5 V 


VEE to +0.5 V 


-30 to +0.1 mA 


-65 to + 150'C 


-55 to + 125'C 


Exposure to Absolute 
Maximum 
Ratings lor extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


Peremeter 


Input capacitance 


Output 
capacitance 


Symbol 


C1N 


COUT 


Truth Table 


CS 
WE 
DIN 
Output 
Mode 


H 
X 
X 
L 
Not selected 


L 
L (Note 2) 
L 
L 
Write 0 


L 
L (Note 2) 
H 
L 
Write 1 


L 
H (Note 2) 
X 
DOUT 
Read 


Capacitance 
1 = 1 MHz 


Input 
Data 


Control 
Circuit 


Notes: 


(1) X = don't care. 


(2) Both WE1 and WE2 must be low to Initiate write operation. 
For 


read operation, 
either WE1 or WE2 or both must be high. 


Output 


Data 
Control 
Circuit 


ttlEC 


DC Characteristics 
TA a 0 to +85°0; 
VEE = -4.5 
V; output load = 50 0 to -2.0 V; Vcc 
= VeeA 
= 0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 


Output voltage, high 
VOH 
-1025 
-880 


Output 
voltage, low 
VOL 
-1810 
-1620 


Output threshold 
voltage, high 
VOHe 
-1035 


Output 
threshold 
voltage, low 
VOLC 


Input voltage, high 
VIH 


Input voltage, low 
V1L 


Input current, high 
IIH 


Input current, low 
IlL 


-1165 


-1810 


-50 


-260 


-240 


Test Conditions 


VIN = VIH max or VIL min 


VIN = V1H max or VIL min 


VIN = VIH min or VIL max 


VIN = VIH min or VIL max 


VIN = VIH max 


For~: 
V1N= V1Lmin 


For all others: VIN = VIL min 


For "PB100484-10: all inputs and outputs 
open 


For "PB100484-15: all inputs and outputs 
open 


Not•• : 


(1) The device under test is mounted in a test socket and measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 mls. 


II 


AC Characteristics 
TA = 0 to +85'C; 
VEE = -4.5 V ±5%; output load = 50 II to -2.0 V; vcc = VCCA = 0 V 


"PB100484-10 
"PB100484-15 


Parameter 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


ReBd OperBtion 


Address access time 
tAA 
10 


Chip select recovery time 
tRCS 
5 


Chip select access time 
tACS 
5 


Write OperBtion 


Write pulse width 
tw 
to 
15 


Data setup time 
tWSD 
2 
3 


Data hold time 
tWHD 
1 
2 


Address setup time 
tWSA 
2 
3 


Address hold time 
tWHA 
1 
2 


Chip select setup time 
twSCS 
2 
3 


Chip select hold time 
tWHCS 
2 


Write disable time 
tws 
5 


Write recovery time 
tWR 
11 


Output Rise Bnd FBII Times 


Output 
rise time 
tR 
2 
2 


Output fall time 
tF 
2 
2 


Unit 
Test Conditions 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Notes: 


(1) The device under test Is mounted 
in a test socket and measured 
at a thermal 
equilibrium 
established 
with a transverse 
air flow 
maintained 
at greater than 2.0 m/s. 


(2) See figure 1 and 2 for loading conditions 
and input pulse timing. 


Input pulse levels = -1.7 to -0.9 V; input rise and fall times = 
2.5 ns; input and output timing 
reference levels = 50%. 


tttlEC 


[1J RL =SOO. 


[2J CL = 30 pF. 
-,j( 


Noto: 


[1J tR=tF 
-2.5ns(typ). 
k 


800V. 


20%--------- 


tF 


NEe 


Timing Waveforms 


Chip Select Access Cycle 


Note: 


[1] Address 
is valid more than 2 ns prior to the low transition 
of CS. 


Note: 


[lJ Cs = VIL. 


Cs r 
1 


Address 
f 
f 
I 
I 


DI 


['000-' 
,-,.,3 


lW 


WE Lh;~ 


\ 
,:dJ 


DO 
L,~) 
1 
I_ 
lWR 


83IH-59SOB 


NEe 
NEe Electronics Inc. 


JLPB100484A 
4,096 x 4-BIT 


100K Eel 
RAM 


Description 


The /LPB100484Ais a very high-speed 100K interface 
ECl RAM. It is organized as 4,096 words by 4 bits with 
noninverted, open-emitter outputs and low power con- 
sumption. Two access time versions are available: 5 ns 
and 7 ns maximum. The /LPB100484Ais available in a 
hermetic, 400-mil, 28-pin cerdip or 28-pin ceramic flat- 
pack. 


Features 


o 4,096-word x 4-bit organization 
o 100K ECl interface 
o Full voltage and temperature compensation 
o Noninverted. open-emitter outputs 
o Fast access times: 5 and 7 ns maximum 
o low power consumption 
o 400-mil, 28-pin cerdip or 28-pin ceramic flat pack 


packaging 


Ordering Information 


Access 
Supply current 


Part Number 
Time (max) 
(mln) 
Package 


"PB100484A8-5 
5 ns 
-260 mA 
28-pin ceramic 


8-7 
7ns 
-240 mA 
fla1pack 


"PB100484AD-5 
5ns 
-260 mA 
28-pin cerdip 


D-7 
7 ns 
-240 mA 


Pin Configurations 


28-Pin Cerdip 


VCCA 
OO:J 


004 
Ao 


A1 


A2 


A3 


A4 
As 


A6 


A7 


A8 
NC 


VEE 


VCCA 
1 
28 
Vcc 


0°3 
2 
27 
002 


0°4 
3 
26 
001 


Ao 
4 
25 
014 


A1 
5 
24 
013 
A2 
6 
~ 
23 
012 
~ 


A3 
7 
0 
22 
011 
0 


A4 
8 
in 
21 
Cs 
II 


0- 


WE1 
As 
9 


"- 


20 


A6 
10 
19 
WE2 


A7 
11 
18 
NC 


A8 
12 
17 
An 


NC 
13 
16 
A10 


VEE 
14 
15 
A9 


83IH-6015A 


NEe 


Symbol 


Ao-All 


Dll-D14 


DOl - D04 


WEl, WE2 


"C"S 


VCC 


VCCA 


VEE 


NC 


Function 


Address inputs 


Data inputs 


Data outputs 


Write enable (active low) 


Chip select (active low) 


Power supply 
(current switches 
and bias driver) 


Power supply 
(output 
devices) 


- 4.5-volt power supply 


No connection 


Absolute Maximum Ratings 
vcc = VCCA = OV 


Supply voltage, VEE 


Input voltage, V1N 


Output 
current, 
lOUT 


Storage temperature, 
TSTG 
Under bias, TSTG (bias) 


- 7.0 to +0.5 V 


VEEto 
+0.5V 


-30 
to +0.1 mA 


-65to 
+150·C 
-55to 
+125·C 


Comment: 
Exposure 
to Absolute 
Maximum 
Ratings for extended 
periods 
may affect device 
reliability; 
exceeding 
the ratings 
could 


cause permanent 
damage. The device should be operated within the 
limits specified 
under DC and AC Characteristics. 


Input 
Data 
Control 
Circuit 


Capacitance 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Input 
CIN 
4 
pF 


capacitance 


Output 
COUT 
6 
pF 
capacitance 


Truth Table 


CS 
WE 


H 
X 


L 
L (Note 2) 


L 
L (Note 2) 


L 
H (Note 2) 


DIN 
Output 
Function 


X 
L 
Not selected 


L 
L 
Write 0 


H 
L 
Write 1 


X 
DOUT 
Read 


(1) X = don't care. 


(2) Both WEl and WE2 must be low to initiate write operation. 
For 


read operation, 
either WEl or WE2 or both must be high. 


Output 


Data 
Control 
Circuit 


NEe 


DC Characteristics 
TA = 0 to +85°C; VEE = - 4.5 V; output 
load = 50 0 to - 2.0 V; vcc 
= VCCA = 0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Output 
voltage, high 
VOH 
-1025 
-880 
mV 


Output 
voltage, low 
VOL 
-1810 
-1620 
mV 


Output 
1hreshold voltage, high 
VOHC 
-1035 
mV 


Output 
threshold 
voltage, low 
VOLC 
-1610 
mV 


Input voltage, high 
V1H 
-1165 
-880 
mV 


Input voltage, low 
VIL 
-1810 
-1475 
mV 


Input current, 
high 
IIH 
220 
p.A 


Input current, 
low 
IlL 
0.5 
170 
p.A 


-50 
p.A 


Supply 
current 
lEE 
-260 
mA 


-240 
mA 


Test Conditions 


VIN = V1Hmax or VIL min 


V1N= V1Hmax or VIL min 


VIN = V1Hmin or VIL max 


V1N= VIH min or VIL max 


VIN = VIH max 


For cg: V1N= V1Lmin 


For all others: VIN = VIL min 


For "PB100484A-5: 
All inputs and oU1puts open 


For "PB100484A-7: 
All inputs and outputs 
open 


Notes: 


(1) The device under test is mounted 
in a test socket and measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 m/s. 


[lJ RL =SOO. 


[2] CL = 30 pF. 


AC Characteristics 
TA = 0 to +85°C; VEE = - 4.5 V ± 5%; output 
load = 50 0 to - 2.0 V; Vee = VeeA = 0 V 


"PB 100484A-5 
"PB 100484A-7 


Parameter 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Unit 
Test Conditions 


7 
ns 


4 
ns 


4 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


5 
ns 


9 
ns 


ns 


ns 


Read Operation 


Address access time 
tAA 
5 


Chip select recovery time 
tRCS 
3.5 


Chip select access time 
tACS 
3.5 


Write Operation 


Write pulse width 
tw 
6 
8 


Data setup time 
twsD 
1 


Data hold time 
tWHD 
2 
2 


Address setup time 
tWSA 


Address hold time 
tWHA 
2 
2 


Chip select setup time 
twses 
1 
1 


Chip select hold time 
tWHCS 
2 
2 


Write disable time 
tws 
3.5 


Write recovery time 
tWR 
7 


Output 
Rise and Fall Times 


Output 
rise time 
tR 
2 
2 


Output 
fall time 
tF 
2 
2 


Notes: 


(1) The device under test is mounted 
in a test socket and measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 
maintained 
at greater than 2.0 m/s. 


(2) See figures 1 and 2 for loading conditions 
and input pulse timing. 


Input pulse levels = - 1.7 to - 0.9 V; input rise and fall times = 
2.5 ns; input and output 
timing 
reference levels = 50%. 


-,& 
k 


80'lYO 


20%--------- 


IF 


Note: 


[1] IR - IF - 2.5 ns (Iyp). 


NEe 


Timing Waveforms 


Read Cycle 


Address 
==========~~~~~-=t=_5_0%_t_AA==1. 
_ 


DO 
J 
50_% 
_ 


.• 
tw 
• 


lWSD- 
i-o--tWHD 
Lk:" 


1\ 
,:::dJ 
E 
II 


L,~J 
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NEe 
NEe Electronics Inc. 


#,PB100A484 
4,096 x 4·Bit 


100K Eel 
RAM 


Description 


The /4PB100A484 
is a very 
high-speed 
100K interface 


ECL RAM organized 
as 4K words by 4 bits and designed 


with open emitter 
outputs 
(noninverted). 
It is available 
in 


28-pin 
cerdip 
or flat pack packages. 


Features 


o 
4096 word x 4-bit organization 


o 
100K ECL interface 


o 
Full voltage 
and temperature 
compensation 


o 
Open emitter 
outputs 
(noninverted) 


o 
Fast access times and low power consumption 


o 28-pin 
cerdip 
and flatpack 
packaging 


o 
Center 
power 
pins 


Ordering Information 


Access 
Time 
Supply 
Current 


Part Number 
(max) 
(mln) 
Package 


"PB100A4846-S 
Sns 
TBD 
28-pln ceramic 


6-7 
7ns 
TBD 
flatpack 


"PB100A484D-S 
Sns 
TBD 
28-pln cerdip 


0-7 
7 ns 
TBD 


Pin Configurations 


28-Pin cerdip 


01, 


012 
013 


014 
0°1 
0°2 


VCC 


VCCA 
0°3 
0°4 
AO 


A1 


A2 


A3 


011 
1 
28 
cs 


012 
2 
27 
WE 


013 
3 
26 
NC 


014 
4 
25 
NC 


00, 
5 
..• 
24 
Al1 


002 


<Xl 


A10 
6 
..• 
23 
~ 
VCC 
7 
0 
22 
A9 


VCCA 
8 
1ii 
21 
vEE 
c.. 
IJ 


003 
9 
=<. 


20 
NC 


004 
10 
19 
As 


Ao 
11 
1S 
A7 


A1 
12 
17 
A6 


A2 
13 
16 
As 


A3 
'4 
15 
A4 


831H·6070A 


Symbol 


Ao-A" 


01, - 014 
00,.0°4 


WE 


"C"S 


VCC 


VCCA 


VEE 


NC 


Function 


Address inputs 


Data inputs 


Data outputs 


Write enable input (active low) 


Chip select (active low) 


Power supply 
(current switches and bias driver) 


Power supply 
(output devices) 


-4.5-volt 
power supply 


No connection 


Capacitance 


Parameter 
Symbol 
Mln 
Typ 
Max 
UnIt 


Input capacitance 
CIN 
4 
pF 


Output capacitance 
COUT 
6 
pF 


Input 
Data 
Control 
Circuit 


Truth Table 
~ 
WE 
DIN 
Output 
Function 


H 
X 
X 
L 
Not selected 


L 
L 
L 
L 
Write 0 


L 
L 
H 
L 
Write 1 


L 
H 
X 
DOUT 
Read 


Notes: 


(1) X a don't care. 


Absolute Maximum Ratings 
vcc = VCGA = OV 


Supply voltage, VEE 


Input voltage, VIN 


Output current, lOUT 


Storage temperature, 
TSTG 


Storage temperature 
under bias, TSTG (Bias) 


-7.0 to to.5 
V 


VEE to to.5 
V 


-30 to to.1 
mA 


-65 to t 150"C 


-55 to t 125"C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Output 


Data 
Control 
Circuit 


NEe 


DC Characteristics 
TA = 0 to +85'C; 
VEE = -4.5 V; output 
load = 50 lJ to -2.0 V; VCC = 


Parameter 
Symbol 
Mln 
Typ 


Output voltage, high 
VOH 
-1025 


Output voltage, low 
VOL 
-1810 


Output threshold 
voltage, high 
VOHC 
-1035 


Output threshold 
voltage, low 
VOLC 


Input voltage, high 
V1H 
-1165 


Input voltage, low 
VIL 
-1810 


Input current, 
high 
IIH 


Input current, 
low 
IlL 
0.5 
-------------------------------- 
-50 


VCCA = OV 


Max 
UnIt 
Test Conditions 


-880 
mV 
VIN = V1H(max) or VIL (min) 


-1620 
mV 
VIN = VIH (max) or VIL (min) 


mV 
VIN = VIH (min) or VIL (max) 


-1610 
mV 
VIN = V1H(min) or VIL (max) 


-880 
mV 


-1475 
mV 


220 
p.A 
VIN = VIH (max) 


170 
p.A 
For 'C"S": VIN = VIL (min) 


p.A 
For all others: VIN = VIL (min) 


mA 
"PB100A484·5: 
all inputs and outputs 
open 


mA 
"PB100A484-7: 
all inputs and outputs 
open 


Notes: 


(1) The device under test is mounted in a test socket and measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 m/sec. 


AC Characteristics 
TA = 0 to +85'C; 
VEE = -4.5 V ±5%; output load = 50 lJ to -2.0 V; VCC = VCCA = 0 V 


"PB100A484-S 
"PB100A484-7 


Parameter 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Max 


Rud 
Operation 


Address access time 
tAA 
5 


Chip select recovery time 
tRCS 
3.5 


Chip select access time 
tACS 
3.5 


Write Operation 


Write pulse width 
tw 
6 
8 


Data setup time 
tWSD 
1 


Data hold time 
tWHD 
2 
2 


Address setup time 
tWSA 
1 


Address hold time 
tWHA 
2 
2 


Chip select setup time 
twscs 


Chip select hold time 
tWHCS 
2 
2 


Write disable time 
tws 
3.5 


Write recovery time 
tWR 
7 


Output Rise and Fall Times 


Output 
rise time 
tR 
2 
2 


Output fall time 
tF 
2 
2 


ns 


ns 


ns 


ns 
IE] 
ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Notea: 


(1) The device under test is mounted in a test socket and measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 m/s. 


(2) See figures 1 and 2 for loading conditions 
and input pulse timing. 


Input pulse levels = -1.7 to -0.9 V; Input rise and fall times = 
2.5 ns; input and output timing 
reference levels = 50%. 


t-{EC 


[1) RL _SOrl. 


[2) CL - 30 pF. 


=fl 


Y 


O 


________ 
2_0% 


tR 
11= 


80"1.0 


20%--------- 


IF 


Note: 


(1)IR=IF=2ns(typ). 


ftt{EC 


Timing Waveforms 


Chip select Access Cycle 


Address===~~~~~~_-_- 
--'_t=_S_O%_ -_tAA-=-t-=--=-~~~-_-_-_-_- _-_-_-_-_- 


DO 
-------x_~ _50_% 
_ 


• 
tw 
. 


tWSD- 
--tWHD 


Lh;M 
,=~ 
t 


tWR~1 
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NEe Electronics Inc. 


",PD100S00 


262,144 x 1·Bit 


100K BiCMOS ECl RAM 


Description 


The J.lPD100500is a very high-speed SiCMOS RAMwith 
full voltage and temperature compensation for a 100K 
ECl interface. Its unique design uses blended CMOS 
and bipolar 
peripheral 
circuits 
and N-channel MOS 


memory cells. The device is organized as 262,144words 
by 1 bit and designed with an open-emitter 
output 


(noninverted) for low power consumption. 
Two ver- 
sions with fast access times of 15 and 20 ns maximum 
are available in hermetic, 300-mil, 24-pin cerdip pack- 
aging. 


Features 


o SiCMOStechnology 


o 262,144-wordx 1-bit organization 


o 100Kinterface ECl with full voltage and 


temperature compensation 


o Noninverted, open-emitter output 


o Fast access times of 15and 20 ns maximum 


o low power consumption 


o 300-mil, 24-pin cerdip packaging 


Access 


Part Number 
Time (max) 


pPD100500D-15 
15 ns 


D-20 
20 ns 


Power 
Consumption 
(ma~ 
Package 


720 mW 
24-pin cerdip 


Pin Configuration 


24-Pin Cerdip 


DoUT 
Ao 


A1 


A2 


A3 


A4 
As 


A6 


A7 
As 
Ag 


VEE 


Pin Identification 


Symbol 


Ao - A17 


DIN 


DOUT 


CS 


WE 


Vcc 


VEE 


Function 


Address inputs 


Data input 


Data output 


Chip select 


Write enable 


Ground 


-4.5-volt power supply 


NEe 


Absolute Maximum Ratings 


Supply voltage, VEE 


Input voltage. V1N 


Output current, 
lOUT 


Storage temperature, 
TSTG 


Storage temperature 
under bias, TSTG (bias) 


-7.0 to +0.5 V 


VEE to +0.5 V 


-30 to +0.1 mA 


-65 to +15O"C 


-55 to + 125°C 


Truth Table 
cs 
WE 
H 
X 


L 
L 


L 
L 


L 
H 


DIN 
Output 
Mode 


X 
L 
Not selected 


L 
L 
Write 0 


H 
L 
Write 1 


X 
DOUT 
Read 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits 
specified 
under DC and AC Characteristics. 


Notes: 


(1) X = don't care. 


Capacitance 
TA ~ 25°C; f ~ 1 MHz 


Parameter 


Input capacitance 


Output capacitance 


Symbol 


CIN 


COUT 


NEe 


DC Characteristics 
TA - 
0 to +85·C; VEE = -4.5 V; output load = 50 0 to -2.0 V; vcc = 0 V 


Parameter 
Symbol 
Mln 
Max 


Output voltage, high 
VOH 
-t025 
-880 


Output voltage, low 
VOL 
-1810 
-t620 


Output threshold 
voltage, high 
VOHC 
-1035 


Output threshold 
voltage, low 
VOLC 
-1610 


Input voltage, high 
VIH 
-1165 
-880 


Input voltage, low 
VIL 
-18tO 
-t475 


Input current, high 
IIH 
220 


Input current, low 
IlL 
0.5 
170 


-50 


Supply current 


Notes: 


(1) The device under test is mounted in a test socket and is measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 mls. 


AC Characteristics 
TA = 0 to +85 ·C; VEE = -4.5 V :t 5% 


Test Conditions 


VIN = V1Hmax or VIL min 


VIN = VIH max or V1Lmin 


VIN = VIH min or VIL max 


VIN = VIH min or VIL max 


Guaranteed 
input voltage high for all Inputs 


Guaranteed 
input voltage low for all inputs 


V1N= VIH max 


For ~: 
V1N= VIL mln 


For all others: VIN = VIL min 


All inputs and outputs 
open 


"PD100500-15 
"PD100500·20 


Parameter 
Symbol 
Mln 
Typ 
Max 
Mln 
Typ 
Max 
Unit 
Test Conditions 


RlNld Operation 


Address access time 
tAA 
15 
20 
ns 


Chip select access time 
tACS 
10 
15 
ns 


Chip select recovery time 
tRCS 
10 
15 
ns 


Writ. Operation 


Write pulse width 
tw 
10 
15 
ns 
EI 


Data setup time 
twso 
2 
3 
ns 


Data hold lime 
tWHO 
3 
3 
ns 


Address setup time 
tWSA 
2 
2 
ns 


Address hold time 
tWHA 
3 
3 
ns 


Chip select setup time 
tv.Iscs 
2 
2 
ns 


Chip select hold time 
tv.IHCS 
3 
3 
ns 


Write disable time 
tws 
10 
15 
ns 


Write recovery time 
tWR 
18 
23 
ns 


Output Ri_ 
and FtI/I Time. 


Rise time 
tR 
2 
2 
ns 


Fall time 
tF 
2 
2 
ns 


Notes: 


(1) The device under test is mounted in a test socket and Is measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 m/s. 


(2) Input 
pulse levels = -1.7 
to -O.SV; 
Input 
rise and fall times 


(measured 
between 20% and 80% or 80% and 20%) = 2.5 ns; 


Input and output timing 
reference levels = 50%. 


t\fEC 


[1J RL =500. 


[2J CL = 30 pF. 


1l 


% 


________ 
2_0% 


tR 


Note: 


[1] tR= IF = 2.5 ns (typ). 


NEe 


Timing Waveforms 


Chip select Access Cycle 


Address 
~_5_0%_IAA===1~------ 


DOUT 
A 
50% 
----------------- 
------------ 


1 
fl 


I 
I 
. 
lW 
.. 


IWSD- 
-lWH 
Lh:" 
,~,dJ 


lWHCS 
E 
•• 


lWR,~f 
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NEe 
NEe Electronics Inc. 


JlPD100504 


65,536 x 4·Bit 


100K BiCMOS ECl RAM 


Description 


The ~PD100504is a very high-speed SiCMOS RAMwith 
full voltage and temperature compensation for a 100K 
ECL interface. Its unique design uses blended CMOS 
and bipolar 
peripheral circuits 
and N-channel MOS 


memory cells. The device is organized as 65,536 words 
by 4 bits and designed with an open-emitter output 
(noninverted) for low power consumption. A fast access 
time of 15 ns maximum is available in hermetic, 400-mil, 
32-pin cerdip packaging. 


Features 


o SiCMOStechnology 
o 65,536-word x 4-bit organization 
o 100Kinterface ECL with full voltage and temperature 


compensation 


o Noninverted, open-emitter output 
o Fast access time of 15ns maximum 
o Low power consumption 
o 400-mil. 32-pin cerdip packaging 


Power 
Access 
Consumption 


Part Number 
Time (max) 
(max) 


I'P01005040-15 
15 ns 
810 mW 


Package 


32-pin cerdip 


Pin Configuration 


32-Pin Cerdip 


Pin Identification 


Symbol 


Ao-A15 


011- 014 


001 - 004 


C"S 


WE 


VCC. 
VCCA 


VEE 


NC 


NC 


011 


012 


013 


DI4 


001 
002 
Vcc 


VCCA 
003 
004 


AO 


Al 


A2 


A3 


A4 


Function 


Address inputs 


Oata inputs 


Oata outputs 


Chip select 


Write enable 


Ground 


-4.5-volt 
power supply 


No connection 


Absolute Maximum Ratings 
Truth Table 


Supply voltage, VEE 
-7.0 to +0.5 V 
CS 
WE 


Input voltage, V1N 
VEE'to +0.5 V 
H 
X 


Output 
current, 
lOUT 
-30 to +0.1 mA 
L 
L 


Storage temperature, 
TSTG 
-65 to + 150°C 
L 
L 


Storage temperature 
under bias, TSTG (bias) 
-55 to + 125°C 
L 
H 


Output 
Mode 


L 
Not selected 


L 
Write 0 


L 
Write 1 


DOUT 
Read 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits specified 
under DC and AC Characteristics. 


Notes: 


(1) X = don't care. 


Capacitance 
TA = 25°C; f = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CIN 
4 
pF 


Output 
capacitance 
COUT 
6 
pF 


RIW 
Control 
Circuit 


NEe 


DC Characteristics 
TA = 0 to +85°C; VEE = -4.5 V ~5%; output 
load = 50 0 to -2.0 V; VCC = 0 V 


Parameter 
Symbol 
Mln 
Max 


Output 
voltage, 
high 
VOH 
-1025 
-880 


Output 
voltage, 
low 
VOL 
-1810 
-1620 


Output 
threshold voltage, 
high 
VOHC 
-1035 


Output 
threshold voltage, 
low 
VOLC 
-1610 


Input voltage, 
high 
VIH 
-1165 
-880 


Input voltage, 
low 
VIL 
-1810 
-1475 


Input current, high 
IIH 
220 


Input current, low 
IlL 
0.5 
170 


-50 


Test Conditions 


V1N= VIH max or VIL min 


VIN = VIH max or VIL min 


VIN = VIH min or VIL max 


VIN = VIH min or VIL max 


Guaranteed 
input voltage 
high for all inputs 


Guaranteed 
input voltage 
low for all inputs 


VIN = VIH max 


For CS: VIN = VIL min 


For all others: VIN = VIL min 


All inputs and outputs 
open 


Notes: 


(1) The device under test Is mounted in a test socket and Is measured 


at a thermal 
equilibrium 
established 
with a transverse 
air flow 


maintained 
at greater than 2.0 m/s. 


AC Characteristics 
TA = 0 to +85°C; 
VEE = -4.5 V ~ 5%; VCC = 0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Read Operation 


Address access time 
tAA 
15 
ns 


Chip select access time 
tACS 
10 
ns 


Chip select recovery time 
tRCS 
10 
ns 


Write Operation 


Write pulse width 
tw 
10 
ns 


Data setup time 
tWSD 
2 
ns 
IJ 


Data hold time 
tWHD 
3 
ns 


Address setup time 
tWSA 
2 
ns 


Address hold time 
tWHA 
3 
ns 


Chip select setup time 
twscs 
2 
ns 


Chip select hold time 
twHCS 
3 
ns 


Write disable time 
tws 
10 
ns 


Write recovery time 
tWR 
18 
ns 


Output Rise and Fall Times 


Rise time 
tR 
2 
ns 


Fall time 
tF 
2 
ns 


Notes: 


(1) The device under test is mounted in a test socket and Is measured 


at a thermal 
equilibrium 
established 
with 
a transverse 
air flow 


maintained 
at greater than 2.0 m/s. 


(2) Input 
pulse levels = -1.7 
to -0.9 V; input 
rise and fall 
times 


(measured 
between 
20% and 80% or 80% and 20%) = 2.0 ns; 


Input and output timing 
reference levels = 50%. 


NEe 


Notes: 


[1] RL-SOO. 


(2) CL =30 pF. 


Not8: 


[1]IR- 
tp 2.0 ns (typ). 


-lli 


8 


00YO 


20%--------- 


IF 


ttiEC 


Timing Waveforms 


Chip Select Access Cycle 


Note: 


[1J Cs - VIL 


II 


NEe 
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EPROMs II 


t-{EC 


Section 9 
EPROMs 


IlPD27HC65 
8,192 x 8-Bit CMOS UV EPROM 


IlPD27C1000A 
131,072 x 8-Bit CMOS UV EPROM 


IlPD27C1 0001 A 
131,072 x 8-Bit CMOS UV EPROM 


IlPD27C1024A 
65,536 x 16-Bit CMOS UV EPROM 


IlPD27C2001 
262,144 x 8-Bit CMOS UV EPROM 


IlPD27C4001 
524,288 x 8-Bit 
CMOS UV EPROM 


EPROMs 


/lPD27C1000A 
128K x 8 bits, ROM-compatible, 
WSOP packaging 


128K x 8 bits, JEDEC-compatible, 
WSOP packaging 


256K x 8 bits, WSOP packaging 


256K x 16 bits or 512K x 8 bits 


256K x 16 bits 


/lPD27C2001 


/lPD27C4000 


/lPD27C4096 


New sp'eed of 120 ns and new package (6 suffix) 


New device, with speeds to 150 ns 


New device, with speeds to 120 ns 


NEe 
NEe Electronics Inc. 


IIPD27HC65 
8,192 x 8-Bit 


CMOS UV EPROM 


Description 


The ~PD27HC65 is an ultraviolet erasable and electri- 
caly programmable read-only memory fabricated with 
double-polysilicon 
CMOS technology 
for high speed 


and low operating and standby power. The ~PD27HC65 
is organized as 8,192words by 8 bits and has three-state 
outputs, fully TTL-compatible inputs and outputs, and a 
program voltage (Vpp) of 12.5 volts. The device is pack- 
aged in a 24-pin cerdip with quartz window. 


Features 


o 8,192-word x 8-bit organization 
o Ultraviolet erasable and electrically programmable 
o Ultra-high-speed access time 
o Low power dissipation 


- 
100mA maximum (active) 


- 
25 mA maximum (standby) 


o TTL-compatible I/O for reading and programming 
o Single + 5-volt power supply 
o Double polysilicon CMOStechnology 
o 24-pin cerdip packaging 


Access 
Time (max) 


25 ns 


35 ns 


Package 


24-pin cerdip with 
quartz window 


"PD27HC65DX-25 


DX-35 


DX-45 


Vcc 
AB 
Ag 


Al0 


CENpp 


All 


A12 
07 
°6 
°5 
°4 
°3 


Symbol 


Ao-A12 
00-0] 


OOVpp 


GND 


Vcc 


Function 


Address inputs 


Data outputs 


Chip enable/program 
voltage 


Ground 


+5-volt 
power supply 


ttlEC 


Absolute Maximum Ratings 


Power supply voltage, Vcc 


Input voltage, VIN 


Input voltage, Ag and Al0 


Output 
voltage, VOUT 


Storage temperature, 
TSTG 


Operating 
temperature, 
TOPR 


Program voltage, Vpp 


-0.6 to +7.0 V 


-0.6 to +7.0 V 


-0.6 to + 13.5 V 


-0.6 to + 7.0 V 


-65 to + 125°C 


o to 70'C 


-0.610 
+13.5 V 


Exposure 
to Absolute 
Maximum 
Ratings for extended 
periods may 


affect device realiability; 
exceeding 
the ratings could cause perma- 
nent 
damage. 
The device 
should 
be operated 
within 
the 
limits 


specified 
under DC and AC Characteristics. 


Capacitance 
TA = 25°C; f = 1 MHz; VIN and VOUT = 0 V 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CIN 
5 
10 
pF 


Output 
capacitance 
COUT 
10 
15 
pF 


CE/Vpp input capacitance 
Cp 
10 
20 
pF 


vcc 
__ 


GND 
__ 


AO 
A, 
Ag 


A,O 
• 


A4 


A2 


A3 
AS 


A6 


A7 
As 


All 


A12 


Truth Table 


Cycle 
CENpp 
Ag 
A10 
Vcc 
Output 


Read 
V1L 
X 
X 
+5.0V 
DOUT 


Standby 
V1H 
X 
X 
+5.0V 
High-Z 


Byte program 
+12.5 V 
X 
X 
+6.0V 
DIN 


Program verify 
VIL 
X 
X 
+6.0V 
DOUT 


Blank page set 
VIH 
XX 
VIHH 
+5.0V 
High-Z 


Blank read (type 1) 
VIL 
X 
VIHH 
+5.0 V 
DOUT 


Blank read (type 2) 
VIL 
V1HH 
V1HH 
+5.0 V 
DOUT 


Notes: 


(1) VIHH = +12V:l:0.5. 


(2) X can be either VIL or VIH' 


(3) XX can be either VIL, VIH, or VIHH' 


6S.536-blt 
(256 x 256) 
Memory Array 


NEe 


Recommended Operating Conditions 


Parameter 
Symbol 


Read Operation or Standby 


Supply voltage 


Input voltage. high 


Input voltage. low (Note 1) 


Operating 
temperature 


Programming Operation 


Supply voltage 


Input voltage, high 


Input voltage, low 


Operating 
temperature 


Notes: 


(1) V1L = -1.5 V minimum 
for 10 ns maximum 
pulse width. 


Max 
Unit 


5.25 
V 


Vee 
+ 0.3 
V 


0.8 
V 


70 
·C 


6.75 
V 


12.8 
V 


Vee 
+ 0.3 
V 


0.8 
V 


30 
V 


Parameter 
Symbol 
Mln 
Typ 
Max 


Read Operation or Standby 
TA = 0 to +70·C; 
Vee = +5.0 V :t:5% 


Output voltage, high 
VOH 
2.4 


Output voltage, low 
VOL 
0.45 


Output 
leakage current 
ILO 
-10 
10 


Input leakage current 
III 
-10 
10 


Vee current 
(active) 
leeA 
100 


Vee current 
(standby) 
leeS1 
50 


leeS2 
25 


Programming Operation 
TA = 25 :t:5·C; Vee = +6.5 V :t:0.25; 'CEIvpp = +12.5 V :t:0.3 


Output voltage, high 
VOH 
2.4 


Output voltage, low 
VOL 
0.45 


Input leakage current 
III 
-10 
10 


Vpp current 
Ipp 
50 


Vee current 
Ice 
100 


V 
IOH = -4 mA 


VIOL 
= 6 mA 


p.A 
VOUT = 0 V to Vee; 'CEIvpp = V1H 


p.A 
V1N= 0 V to Vee 


mA 
'CEIvpp = VIL; lOUT = 0 mA (minimum 
cycle time) 


mA 
'CEIvpp = V1H(min); VIN = VIH or V1L 


mA 
'CEIvpp 
;;" Vee - 0.2 V; VIN ;;" Vee - 0.2 V s 0.2 V 


IOH = -4 mA 


IOL = 6 mA 


V1N= 0 V to Vee 


Blank Read Operation 
TA = 25 :t:5·C; Vee = +5.0 :t:0.5 V 


Input voltage, high 
VIH 
2.2 
Vee 
+ 0.3 
V 


V1HH 
11.5 
12 
12.5 
V 


Input voltage, low 
VIL 
-0.3 
0.8 
V 


Outpul 
voltage, high 
VOH 
2.4 
V 
IOH = -4 mA 


Output 
voltage, low 
VOL 
0.45 
V 
IOL = 6 mA 


Input leakage current 
III 
-10 
10 
p.A 
VIN = 0 V to Vee 


Vee current 
Ice 
100 
mA 


ttiEC 


AC Characteristics 
TA = 0 to +70'C; 
Vee = +5.0 V :!:5% 


"PD27HC6S·2S 
"PD27HC6S-3S 
"PD27HC6S-4S 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


Read Operation 


Address to output 
delay 
tACe 
25 
35 
45 
ns 
CE/Vpp = VIL 


CE to output delay 
teE 
20 
30 
30 
ns 


OE or CE high to output float 
tOF 
20 
30 
30 
ns 


Address to output 
hold 
tOH 
0 
0 
0 
ns 
CE/Vpp = V1L 


AC Characteristics 
(cant) 


TA = 25 :!:5'C; Vee = +6.0 V :!:0.25; CE/Vpp 
= +12.5V:!:0.3 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Programming Operation 


Address setup time 
lAS 
2 
"s 


Address hold time 
tAH 
2 
"s 


Data setup time 
tos 
2 
"s 


Data hold time 
tOH 
2 
"s 


Vee setup time 
tves 
2 
"s 


Vpp rise time 
tR 
I'S 
10% to 90% 


Vppfall 
time 
tF 
I'S 
90% to 10% 


CE/Vpp setup time 
teEs 
2 
"s 


CE/Vpp to data delay 
teEP 
500 
ns 


CE/Vpp to output float 
tOFP 
500 
ns 


Verify pulse width 
lyp 
"s 


Program pulse width 
tpw 
0.095 
0.1 
0.105 
ms 


Overprogram 
pulse width 
topw 
0.095 
1.05 
ms 


Blank Read Operation 


Page address setup time 
tPAS 
0 
"s 


Blank read setup time 
taRS 
"s 


Page programming 
pulse width 
tppw 
"s 


Page address hold time 
tPAH 
"s 


Address setup time 
tASS 
0 
"s 


Address to output 
delay 
tACes 
500 
ns 


Address hold time 
tAHS 
"s 


Notes: 


(1) Input pulse levels = 0 to 3 V; input and output 
timing 
reference 


levels = 1.5 V; input rise and fall times 
s 5 ns. See figures 1 and 


2 for output 
load. 


NEe 


Note: 


[1) 
Voltage is+ 6.0 V for IA& lAW. lCEP. 
ICES. IOH. IDS. tF. IOPW. IpW.IR. 
lves. 
typo 


Note: 


[1J Voitageis+6.0VfortOFp· 


II 
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Read Operation 


The ~PD27HC65 may be read when CENpp is low by 
addressing a desired location. Data is output on 01 
through 07 after the specified time for tACChas elapsed 
or after CENpp goes low for a specified time of tCE, 
whichever occurs later. 


Blank Check Cycles 


Because of the ~PD27HC65's high speed, normal read 
cycles cannot detect an erased memory location and 
individual bits in a byte may be readas either high or low, 
causing an erased location to appear to contain valid 
data. The only certain method of reading an erased 
location is by means of blank check cycles. 


Two types of cycles must be executed to assure that 
addresses have been completely erased. To initiate the 
first cycle, CENpp must be low with A10at VIHHand As 
either high or low, allowing all erased data bits to be read 
as high. Type 2 blank check cycles will read the erased 
data bits as low when both A10and As are at VIHH.If both 
blank check cycles read the expected data, then the 
device has been erased. 


The ~PD27HC65 is divided into four pages of 2 Kbytes 
each. Because address bits Asand A10areused for blank 
check selection and therefore cannot be used as ad- 
dress bits, the ~PD27HC65 has a scheme to allow 
addressing of all 8 Kbytes. A page can be selected by 
toggling CENpp high and then low during either a type 1 
or type 2 blank check cycle to read the page address on 
Ao and A1. Subsequently, all addresses in the selected 
page are read from Ao through As, An 
and A12 to 
determine whether or not they have been erased. Once a 
page is verified, CENpp may again be toggled high and 
then low to read the next addressed page on Ao and A1 
and then the addresses in the selected page. This pro- 
cess continues until all four pages have been checked. 


To determine whether the ~PD27HC65 has been suc- 
cessfully erased, both types of blank check cycles must 
be executed. If both pass, then the device has been 
erased. 


Begin programming by erasing all data; this sets all data 
bits to an indeterminate level,the condition in which the 
~PD27HC65 is originally shipped. To enter data, raise 


VCCto + 6.0 V, address the first byte, and apply valid 
data to the eight output pins. Apply a 0.1-ms program 
pulse of + 12.5V to CENpp, as shown in the program- 
ming portion of the timing waveforms. Set CENpp low 
(VIu to verify the eight bits prior to making a program/no 
program decision. If the byte is programmed within 10 
tries, apply an additional overprogram pulse of "x" ms 
(where "x" equals the number of tries multiplied by 0.1) 
and input the next address. If the ~PD27HC65 is not 
programmed in 10tries, reject it as a program failure. 


Because the ~PD27HC65 cannot distinguish an erased 
bit as either high or low during a normal read cycle, it is 
recommended that all locations be programmed to pre- 
vent reading of incorrect data by EPROMprogrammers 
or the system CPU. 


Program Inhibit 


Usethe programming inhibit option to program multiple 
devices connected in parallel. All like inputs (except 
CENpp) may be common. Applying a + 12.5V program 
pulse to the CENpp pin of an individual device will cause 
it to be programmed. Applying a high level (VIH)to the 
CENpp input of all the other devices prevents them from 
being programmed. 


Program Verify 


Address bits may be verified to determine whether or not 
data was correctly programmed. CENpp of the device to 
be verified should be at VILand VCCat + 6.0 V. 


Program Erasure 


Erase data on the ~PD27HC65 by exposing it to light 
with a wavelength shorter than 400 nm. Because expo- 
sure to direct sunlight or room-level fluorescent light 
could also erase the data, mask the window to prevent 
unintentional erasure by ultraviolet rays. Opaque labels 
are supplied with every device. 


Data is typically erased by ultraviolet rays with a wave- 
length of 254 nm. A minimum integrated dose of 15 
W-sec/cm2 (ultraviolet lighting intensity multiplied by 
exposure time) is required to completely erase written 
data. 


An ultraviolet lamp rated at 12,000~W/cm2will complete 
erasure 
in 
approximately 
20 
minutes. 
Place 
the 


~PD27HC65within 2.5 cm of the lamp tubes and remove 
any filter on the lamp. 


tttlEC 


Timing Waveforms 


Read Cycle 


I 
L:;-t~'l -L,~'~ 


[Note 1] 


Notes: 


[1] 
Access 
time Is defined as IACC or ICE. whichever 
access time occurs later. 


II 
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~I"'E>------program 
Verify 


5V 


CENpp 


Notes: 


[1] Vpp 
must not be greater than 
+ 13.5 V, including overshoot. 


[2J Removing 
and reinserting 
the device while a voltage of 12.5 V is applied 
to Vpp may affect device reliability. 


[3) The output lines are also used for data input when programmIng 
the device. 


..r-- Overprogramming 


ttiEC 


II 
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Timing Waveforms (cont) 


Blank Read Cycle 


ttiEC 


Notes: 


[1] Data must equal FF Hex for type 1 blank read cycles and 00 Hex for 
type 2 blank read cycles. 


(2) For type 1 blank read cydes, 
~lVpp-VIL;Ag 
= VIL orVIH; 
A,o 
= VIHH. 


For type 2 blank read cycles, 
CElVpp= 
VIL;Ag 
-A,O= 
VIHH. 


[3) Use AO and A, for setting the page address when toggling 
CElVpp. 


[4] Use only addresses 
AO through As 
and A l' 
and A 12. 


NEe 
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pPD27C1000A 
131,072 x a-Bit 


CMOS UV EPROM 


Description 


The I4PD27C1000Ais a 1,04B,576-bitultraviolet erasable 
and electrically programmable read-only memory fabri- 
cated with double-polysilicon 
CMOS technology for a 


substantial 
savings in both operating 
and standby 


power. The device is organized as 131,072words by B 
bits and operates from a single +5-volt power supply. 


The I4PD27C1000Ahas both page and single-location 
programming features, three-state outputs, and fully 
TTL-compatible inputs and outputs. It also has a pro- 
gram voltage (Vpp) of 12.5 volts and is available in a 
32-pin cerdip with quartz window. 


Features 


o 131,072-wordx B-bit organization 
o Ultraviolet erasable and electrically programmable 
o High-speed programming capability 


- 
Page programming 


- 
Byte programming 


o Low power dissipation 


- 40 mA maximum (active) 
- 
100~ 
maximum (standby) 


o TTL-compatible I/O for reading and programming 
o Single +5-volt power supply 
o Double-polysilicon CMOS technology 
o 32-pin cerdip packaging 
o Pinout compatibility with 2B-pin mask- 


programmable I4PD23C1000s 


Ordering Information 


Part Number 


~PD27Cl000AD-12 


0-15 


0·20 


Acee •• 
Time (max) 


120ns 


lOOns 


200 ns 


Package 


32-pln cerdlp with a 
quartz window 


Pin Configuration 


32-Pin CBrdip 


Symbol 


Ao-A16 
00-0, 
m: 
m: 


J5GM 


GND 


vcc 


Vpp 


NC 


Function 


Address Inputs 


Data outputs 


Chip enable 


Output 
enable 


Program 


Ground 


+5-volt 
power supply 


Program voltage 


No connection 


NEe 


Absolute Maximum Ratings 


Power supply voltage, Vcc 


Input voltage, VIN 


Input voltage, />g 


Output voltage, VOUT 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Program voltage, Vpp 


-0.6 to +7.0 V 


-0.6 to +7.0 V 


-0.6 to +13.5 V 


-0.6 to +7.0 V 


-10 to +80'C 


-65 to + 125'C 


-0.6 to + 13.5 V 


Capacitance 
TA = 25'C; 1= 
1 MHz; V1Nand VOUT = OV 


Parameter 
Symbol 
Mln 
Typ 


Input capacitance 
CIN 


Output capacitance 
COUT 


Exposure to Absolute 
Maximum 
Ratings lor extended 
periods 
may 
affect davlce reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated within 
the limits specified 
under DC and AC Characteristics. 


Truth Table 


Function 
CE 
OE 
PGM 
Vpp 


Read 
V1L 
V1L 
V1H 
+5.0V 


Output 
disable 
V1L 
V1H 
X 
+5.0V 


Standby 
V1H 
X 
X 
+5.0V 


Page data latch 
VIH 
VIL 
VIH 
+12.5V 


Page program 
V1H 
VIH 
VIL 
+12.5V 


Byte program 
VIL 
VIH 
VIL 
+12.5V 


Program verify 
VIL 
VIL 
VIH 
+12.5V 


Program Inhibit 
X 
VIL 
VIL 
+12.5V 


X 
VIH 
VIH 


Vcc 
Output 


+5.0V 
DOUT 


+5.0V 
High·Z 


+5.0V 
Hlgh·Z 


+6.5V 
DIN 


+6.5V 
Hlgh·Z 


+6.5V 
DIN 


+6.5V 
DOUT 


+6.5V 
Hlgh·Z 


Notes: 


(1) X can be either VIL or VIH' 


(2) In read operation, 
PGM must be setto VIH at all times, or switched 
Irom V1Lto VIH at least 21'8 belore OE or CE goes to V1H. 


Vcc- 
GND 
__ 


Vpp_ 


CE 
OUtput Enable 


PGM 
Chip Enable 
OUtput Buffers 


DE 
Program 
Logic 


Ao 


V-Decoder 
V-Gating 


A6 


A7 


1.048.576-bit 
X-Decoder 
(1024 x 1024) 
Memory 
Array 


A16 
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Recommended Operating Conditions 


P8r8meter 
Symbol 


Read Operation 
or Standby 


Supply voltage 
Vcc 
Vpp 


Input voltage, high 
VIH 


Input voltage, low 
V1L 


Operating 
temperature 
TA 


Programming Operation 


Supply voltage 
Vcc 


Vpp 


Input voltage, high 
VIH 


Input voltage, low 
VIL 


Operating 
temperature 
TA 


4.5 


Vcc-0.6 


2.0 


-0.3 
o 


M8X 
Unit 


5.5 
V 


Vcc 
+ 0.6 
V 


Vcc 
+ 0.3 
V 


0.8 
V 


70 
'C 


6.75 
V 


12.8 
V 


Vcc 
+ 0.3 
V 


0.8 
V 


30 
'C 


DC Characteristics 
TA = Oto 
+70'C; 
vcc = 
+5.0V 
±10'JEo;Vpp = vcc 
±0.6 


P8r8meter 
Symbol 
Mln 


Read Operation 
or Standby 


Output voltage, high 
VOHl 


VOH2 


VOL 


ILO 


III 


Ipp 


ICCAl 


ICCA2 


Output voltage, low 


Output 
leakage current 


Input leakage current 


Vpp current 


Vcc current 
(active) 


Vcc current 
(standby) 
lecSl 


leeS2 


DC Characteristics 
(cont) 


TA = 25 ±5'C; 
Vce = +6.5 V ±0.25; Vpp = + 12.5 V ± 0.3 


P8r8meter 
Symbol 
Mln 
Typ 
Mn 


Programming Operation 


Output voltage, high 
VOH 
2.4 


Output voltage, low 
VOL 
0.45 


Input leakage current 
III 
-10 
10 


~~~ 
~ 
00 


~~~ 
~ 
30 


IOH = -400 p.A 


IOH = -100 p.A 


IOL = 2.1 mA 


VOUT = 0 V to Vee; m: = V1H 


V1N= 0 V to Vee 


Vpp = Vec 
eE = VIL; VIN = VIH 


f = 8.4 MHz; lOUT = 0 mA; tACC = 120 ns 


f = 6.7 MHz; lOUT = 0 mA; tACe = 100 ns 


f = 5 MHz; lOUT = 0 mA; tACe = 200 ns 
eE = VIH 
eE = Vcc; V1N= 0 V to Vce 


Unit 
Test Conditions 


V 
IOH = -400 p.A 


V 
IOL = 2.1 mA 


p.A 
VIN = V1Lor VIH 


mA 
eE 
= J5"GM = VIL 


mA 
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AC Characteristics 
TA = 0 to +70'C; 
vcc 
= +5.0V 
± 10%; Vpp = Vcc ± 0.6V 


"PD27C1000A-12 


Parameter 
Symbol 
Mln 
Max 


Resd Operstion 
or Stsndby 


Address to output 
delay 
tACC 


CE to output delay 
tCE 


OE to output delay 
tOE 


OE or CE high to output float 
tOF 


Address to output 
hold 
tOH 


"PD27C1000A-15 


Mln 
Max 


"PD27C1000A-20 


Mln 
Max 
Unit 
Test Conditions 


120 
150 
200 
ns 
CE = OE = VIL 


120 
150 
200 
ns 
OE = VIL 


70 
70 
75 
ns 
CE = VIL 


0 
50 
0 
50 
0 
60 
ns 
CE = V1Lor OE = V1L 


0 
0 
0 
ns 
CE = OE = VIL 


AC Characteristics 
(cont) 
TA = +25 ± 5'C; VCC = +6.5 ± 0.25 V; Vpp = +12.5 ± 0.3V 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Psge Progrsmming 
Operstion 


Address setup time 
tAS 
2 
/IS 


CE setup time 
tCES 
2 
/IS 


Data setup time 
tos 
2 
/IS 


Address hold time 
tAH 
2 
"s 


tAHL 
2 
"s 


tAHV 
0 
/IS 


Data hold time 
tOH 
2 
p.s 


OE to output float time 
tOF 
0 
130 
ns 


Vpp setup time 
tvps 
2 
"s 


VCC setup time 
tvcs 
2 
"s 


Program pulse width 
tpw 
0.095 
0.1 
0.105 
ms 


OE setup time 
tOES 
2 
/IS 


OE to output 
delay 
tOE 
150 
ns 


OE pulse width during data latch 
tLW 
1 
"s 
PGM setup time 
tPGMS 
2 
/IS 


CEhold 
time 
tCEH 
2 
/IS 


OE hold time 
tOEH 
2 
/IS 
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AC Characteristics 
(cent) 


Parameter 
Symbol 
Mln 


Byte Programming Operation 


Address setup time 
tAS 
2 


~setuptlme 
tOES 
2 


Data setup time 
tos 
2 


Address hold time 
tAH 
2 


Data hold time 
tOH 
2 


~ 
to output float time 
tOF 
0 


Vpp setup time 
tvps 
2 


Vcc setup time 
tvcs 
2 


Program pulse width 
tpw 
0.095 


CE setup time 
tCES 
2 


~ 
to output 
delay 
tOE 


"S 


130 
ns 


I'S 


150 
ns 


Notea: 


(1) Input 
pulse 
levels 
= 0.45 to 2.4 V; Input 
and 
output 
timing 


reference levels = 0.8 and 2.0 V; Input rise and fall times :s 20 ns. 
See figure 1 for output 
load. 


DOUT o-o-----L~oo~ 
I 


II 


ttiEC 


Programming 
Operation 


Begin programming by erasing all data; this sets all data 
bits high. The /-lPD27C1000Ais originally shipped in this 
condition. To enter data, program a low-level TTL signal 
into the chosen location. Address the first byte or page 
location and apply valid data at the eight output pins. 
Raise Vcc to +6.5 V ± 0.25 and Vpp to + 12.5V ± 0.3. 


Byte Programming 


For byte programming, CE should be set low and OE 
high to start programming at the initial address. Apply a 
0.1-ms program pulse to PGM, as shown in the byte 
programming portion of the timing waveforms. Set OE 
low to verify the eight bits prior to making a program/no 
program decision. If the byte is not programmed, apply 
another 0.1-ms pulse to PGM, up to a maximum of 10 
times, and input the next address. If the bits are not 
programmed in 10tries, reject the device as a program 
failure. After all addresses are programmed, lower both 
Vcc and Vpp to +5.0 V ± 10%and verify all data again. 


Page Programming 


For page programming, CE and PGMshould be set high. 
OE pulses low four times to latch the addressed 4-byte, 
1-page data. Subsequently, CE and OE should be set 
high and a 0.1-ms program pulse applied to PGM, as 
shown in the page programming portion of the timing 
waveforms. Verify the data prior to making a program/no 
program decision. If all 4 bytes of page data are not 
programmed, apply another 0.1-ms pulse to PGM, up to 
a maximum of 10times and input the next page address. 
If the page is not programmed in 10 tries, reject the 
device as a program failure. After all addresses are 
programmed, lower both Vcc and Vpp to +5.0 V ±10% 
and verify all data again. 


Program Inhibit 


Usethe programming inhibit option to program multiple 
/-lPD27C1000Asconnected 
in parallel. All like inputs 


except PGM and OE may be common. Program individ- 
ual devices by applying a low-levelTTL pulse to the PGM 
pin of the devices to be programmed. Apply a high-level 
signal to the PGM pins of the other devices to prevent 
them from being programmed. 


Program Verification 


To verify that the device is correctly 
programmed, 


normal read cycles can be executed with a high logic 
level applied to the PGM pin and low logic levels applied 
to the CE and OE pins of the device to be verified. The 
CE or OE pins of all other devices should be set high. 


Program Erasure 


Erase data on the /-lPD27C1000Aby exposing it to light 
with a wavelength shorter than 400 nm. Since exposure 
to direct sunlight or room-level fluorescent light could 
also erase the data, mask the window to prevent unin- 
tentional erasure by ultraviplet rays. Opaque labels are 
supplied with every device. 


Data is typically erased by ultraviolet rays with a wave- 
length of 254 nm. A minimum integrated dose of 15 
W-sec/cm2 (ultraviolet lighting 
intensity multiplied by 


exposure time) is required to completely erase written 
data. 


An ultraviolet lamp rated at 12,000p.W/cm2will complete 
erasure in approximately 15 to 20 minutes. Place the 
/-lPD27C1000Awithin 2.5 cm of the lamp tubes and 
remove any filter on the lamp. 


ftt{EC 


Timing Waveforms 


Re.dCycle 


Notes: 


[1] OE may be delayed for read operation 
up to tACC- 
tOE. after the falling 
edge of CE, without 
impact on tACC. 


[2J IDF is specified 
from OE or CE, whichever 
occurs firs!. 


II 


Timing Waveforms (cant) 


Pllfle Programming 
Cycle 


Vpp 
Vpp 
Vcc 
F 


[1] The output lines are also used for data input when programming 
the device. 


[2] Up to 32 words may be written during e8ch page programming 
cycle. 


[3] tpGMS 
timing begins after the last data word has been input 


NEe 


Noto.: 
(1J G = First Address 
[2) N = Last Address 


t\fEC 


Timing waveforms 
(cant) 


Byte Progrllmming 


Program 
t 


Program Verify 
-I 
) 
( 


j.-tAS--j 
I 


tDFr 


Data-in Stable 
Data-out Valid 


I 


r-tAH~ 
I--tDS--j 
rtDH+ 
[,'"'~ 
['~1 


Vpp 


Vpp 


VCC 


Vcc 
+ 1.5 


VCC 


VCC 


Notus: 


[1) VCC must be applied simultaneously 
or before Vpp 
and removed 


simultaneously 
or after Vpp. 


[2J Vpp 
must not be greater than +13.5 V, including overshoot. 


[3J Removing 
and reinserting 
the device while a voltage of , 2.5 V is 
applied to pin Vpp 
may affect device reliability. 


(4) The output lines are also used for data input when programming 
the device. 


NEe 


Notes: 


[1J G = First Address 
[2] N = Last Address 
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IIPD27C1001A 
131,072 x 8-Bit 


CMOS UV EPROM 


Description 


The ItPD27C1001Ais a 1,048,576-bit ultraviolet erasable 
and 
electrically 
programmable 
read-only 
memory 


(EPROM) fabricated 
with 
double-polysilicon 
CMOS 


technology for a substantial savings in both operating 
and standby power.The device is organized as 131,072 
words by 8 bits and operates from a single + 5-volt 
power supply. 


The ItPD27C1001A has both page and single-location 
programming features, three-state outputs, fully TTL- 
compatible inputs and outputs, and a program voltage 
(Vpp) of 12.5 volts. 


The ItPD27C1001A is available in a 32-cerdip with a 
quartz window. 


o 131,072-wordx 8-bit organization 
o Ultraviolet erasable and electrically programmable 
o High-speed byte or page programming 
o Low power dissipation 


- 
40 mA active (max) 


- 
100itA standby (max) 


o TTL-compatible I/O for reading and programming 
o Single +5-volt power supply 
o Double-polysilicon CMOStechnology 
o 32-pin cerdip packaging 
o JEDEC-compatible pinout 


Access 
Time (max) 


120 ns 


150 ns 


200 ns 


Package 


32-pin cerdip with a 
quartz window 


"PD27C1001AD-12 


D-15 


D-20 


Pin Configuration 


32-Pin Cerdip 


Symbol 
Function 


Ao·A16 
Address inputs 


00' Or 
Data outputs 


CE 
Chip enable 


OE 
Output 
enable 


PGM 
Program 


GND 
Ground 


Vcc 
+5-volt 
power supply 


Vpp 
Program voltage 


NC 
No connection 


NEe 


Absolute Maximum Ratings 


Power supply voltage, Vcc 


Input voltage, V1N 


Input voltage, f'.g 


Output 
voltage, VOUT 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Program voltage, Vpp 


-0.6 to +7.0 V 


-0.6 to +7.0 V 


-0.6 to +13.5V 


-0.6 to +7.0 V 


-10 to 80°C 


-65 to 125°C 


-0.6 to + 13.5 V 


Capacitance 
TA ~ 25°C; f ~ 1 MHz; VIN and VOUT ~ OV 


Parameter 
Symbol 
Mln 
Typ 


Input capacitance 
CI 


Output capacitance 
Co 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 
affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 
under DC and AC Characteristics. 


Truth Table 


Function 
CE 
OE 
PGM 
Vpp 
Vcc 
Output 


Read 
VIL 
VIL 
VIH 
+5.0V 
+5.0V 
DOUT 


Output 
disable 
V1L 
VIH 
X 
+5.0V 
+5.0V 
High-Z 


Standby 
VIH 
X 
X 
+5.0V 
+5.0V 
High-Z 


Page data latch 
VIH 
VIL 
V1H 
+12.5V 
+6.5V 
DIN 


Page program 
V1H 
VIH 
VIL 
+12.5V 
+6.5V 
High-Z 


Byte program 
VIL 
VIH 
VIL 
+12.5V 
+6.5V 
DIN 


Program verify 
VIL 
VIL 
VIH 
+12.5V 
+6.5V 
DOUT 


Program inhibit 
X 
VIL 
VIL 
+12.5V 
+6.5V 
High-Z 


X 
VIH 
VIH 


Notes: 


(1) X can be either V1Lor VIH. 


(2) In read operation, 
PGM must 
be sent to ~H 
~all 
times, 
or 
switched from VIL to VIH at least 21's before DE orCE goes to V1H. 


NEe 


Vcc __ 


GND 
__ 


Vpp __ 


OUtput 
Enable 
Chip Enable 
Program 
Logic 


1,048,576-blt 
(1024 x 1024) 
Memory Array 


NEe 


Recommended 
Operating Conditions 


Parameter 
Symbol 


Read Operation or Standby 


Supply voltage 
Vcc 


Vpp 


Input voltage, high 
V1H 


Input voltage, low 
V1L 


Operating 
temperature 
TA 


Programming Operation 


Supply voltage 
Vcc 


Vpp 


Input voltage, high 
VIH 


Input voltage, low 
VIL 


Operating 
temperature 
TA 


4.5 


Vcc - 0.6 


2.0 


-0.3 


o 


Max 
Unit 


5.5 
V 


Vcc 
+ 0.6 
V 


Vcc 
+ 0.3 
V 


0.8 
V 


70 
·C 


6.75 
V 


12.8 
V 


Vcc 
+ 0.3 
V 


0.8 
V 


30 
·C 


DC Characteristics 
TA = 0 to + 70·C; vcc 
= +5.0 V ± 10%; Vpp = Vcc 


Parameter 
Symbol 
Mln 
Typ 


Read Operation or Standby 


Output voltage, high 
VOH1 
2.4 


VOH2 
Vcc-0.7 


Output voltage, low 
VOL 


Output 
leakage cu rrent 
ILO 
-10 


Input leakage current 
III 
-10 


Vpp current 
Ipp 


Vcc current 
(active) 
ICCA1 


ICCA2 


ICCS1 


ICCS2 


DC Characteristics 
(cont) 
TA = 25 ±5·C; 
Vcc = +6.5 V ±0.25; 
Vpp = + 12.5 V ± 0.3 


Parameter 
Symbol 
Mln 
Typ 


Programming Operation 


Output 
voltage, high 
VOH 
2.4 


Output 
voltage, low 
VOL 


Input leakage current 
III 
-10 


Vpp current 
Ipp 


Vcc current 
Icc 


IOH = -400 
"A 


IOH = -100 "A 


IOL = 2.1 mA 


VOUT = 0 V to Vcc; DE = V1H 


VIN = OV to Vcc 


Vpp = Vcc 


CE = VIL; VIN = VIH 


f = 8.4 MHz; lOUT = 0 mA; tACC = 120 ns 


f = 6.7 MHz; lOUT = 0 mA; tACC = 150 ns 


f = 5 MHz; lOUT = 0 mA; tACC = 200 ns 


CE = V1Hmin 


CE = VCC; V1N= 0 V to VCC 


IOH = -400 
"A 


IOL = 2.1 mA 


V1N= 0 V to VCC 


CE = PGM = V1L 
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AC Characteristics 
TA = 0 to + 70·C; vcc 
= +5.0 V ± 10%; Vpp = Vcc ± 0.6 V 


"PD27C1001A-12 


Parameter 
Symbol 
Min 
Max 


Read Operation or Standby 


Address to output 
delay 
tACC 
t20 


rn= to output delay 
tCE 
t20 


OE to output delay 
tOE 
70 


OE high to output float 
tDF 
0 
50 


Address to output 
hold 
tOH 
0 


"PD27C1001A-15 
"PD27C1001A-20 


Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


t50 
200 
ns 
rn= = OE = VIL 


150 
200 
ns 
OE = VIL 


70 
75 
ns 
rn= = V1L 


0 
50 
0 
60 
ns 
rn= = V1Lor OE = V1L 


0 
0 
ns 
rn= = OE = V1L 


AC Characteristics 
(cont) 


TA = 25 ± 5·C; VCC = +6.5 ± 0.25 V; Vpp = + t2.5 ± 0.3 V 


Parameter 
Symbol 
Mln 


Page Programming Operation 


Unit 
Test Conditions 


"s 


"s 


"s 


"s 


"s 


"s 


"s 


ns 


"s 


"s 


ms 


"s 


ns 


,IS 


"S 


,IS 


,IS 


Address setup time 
rn= setup time 


Data setup time 


Address hold time 


tAs 


'CES 


'DS 


tAH 


tAHL 


tAHV 


tDH 


tDF 


tvps 


tvcs 


tpw 


tOES 


tOE 


t[W 


tpGMS 


tCEH 


tOEH 


Data hold time 


OE to output float time 


Vpp setup time 


VCC setup time 


Program pulse width 


OE setup time 


OE to output delay 


OE pulse width during data latch 


PGM setup time 
rn= hold time 


DE hold time 


2 


2 


2 


2 


2 


o 


2 
o 


2 


2 


0.095 


2 


pPD27C1001A 


AC Characteristics 
(cant) 


Parameter 
Symbol 
Min 


Byte Programming Operation 


Address setup time 
tAS 
2 


"OE setup time 
tOES 
2 


Data setup time 
tos 
2 


Address hold time 
tAH 
2 


Data hold time 
tOH 
2 


"OE to output float time 
tOF 
a 


Vpp setup time 
tvps 
2 


Vcc setup time 
tvcs 
2 


Program pulse width 
tpw 
0.095 


"CE setup time 
tCES 
2 


"OE to output 
delay 
tOE 


NEe 


Unit 
Test Conditions 


I'S 


"s 


"s 


I'S 


"s 


ns 


I'S 


I'S 


ms 


I'S 


ns 


Notes: 


(1) Input 
pulse 
levels = 0.45 to 
2.4 V; input 
and 
output 
timing 
reference levels = 0.8 and 2.0 V; input rise and fall times s 20 ns. 
See figure 1 for output 
load. 


°OUT 
_0 --t~oo~ 
r 
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Programming 
Operation 


Begin programming by erasing all data; this sets all bits 
high. The />PD27C1001Ais originally 
shipped in this 


condition. Address the first byte or page location and 
apply valid data at the eight output pins. Raise Vcc to 
+6.5 ±0.25 V; then raise Vppto +12.5 ±0.3 V. 


Byte Programming 


CE should be set low and OE high to start programming 
at the initial byte address. Apply a 0.1 ms program pulse 
to PGM as shown in the byte programming portion of the 
timing waveforms. Set OE low to verify the eight bits 
prior to making a program/no program decision. If the 
byte is not programmed, apply another 0.1-ms pulse to 
PGM, up to a maximum of 10times, and input the next 
address. 1fthe bits are not programmed in 10tries, reject 
the device as a program failure. After all addresses are 
programmed, lower both Vcc and Vppto +5.0 V ±10% 
and verify all data again. 


Page Programming 


For page programming, CE and PGMshould be set high. 
OEpulses low four times to latch each of the 4 data bytes 
onto the page. Subsequently, CE and OE should be set 
high and a 0.1-ms program pulse applied to PGM as 
shown in the page programming portion of the timing 
waveforms. Verify the data priorto making a program/no 
program decision. If all four bytes of page data are not 
programmed, apply another 0.1-ms pulse to PGM, up to 
a maximum of 10times, and input the next page address. 
If the page is not programmed in 10 tries, reject the 
device as a program failure. After all addresses are 
programmed, lower both Vcc and Vppto +5.0 V ±10% 
and verify all data again. 


Program Inhibit 


Use the program inhibit option to program multiple 
/>PD27C1001As connected 
in parallel. All like inputs 


(except CE, but including OE) may be common. Pro- 
gram individual devices by applying a low-level TTL 
pulse to the CE input of the device to be programmed. 
Applying a high levelto the CE input of the other devices 
prevents them from being programmed. 


Program Verification 


To verify that the device is correctly programmed, nor- 
mal read cycles can be executed with a high logic level 
applied to the PGM pin and a low logic level applied to 
the CE and OE pins of the device to be verified. The CE 
and OE pins of all other devices should be set high. 


Program Erasure 


Erase data on the />PD27C1001Aby exposing it to light 
with a wavelength shorter than 400 nm. Exposure to 
direct sunlight or fluorescent light could also erase the 
data. Consequently, mask the window to prevent unin- 
tentional erasure by ultraviolet rays. Opaque labels are 
supplied with every device. 


Data is typically erased by ultraviolet rays of 254 nm.A 
lighting level of 15W-sec/cm2 (min) is required to com- 
pletely erase written data (ultraviolet ray intensity multi- 
plied by exposure time). 


An ultraviolet lamp rated at 12,000p.W/cm2 takes ap- 
proximately 20 minutes to complete erasure. Place the 
/>PD27C1001A within 2.5 cm of the lamp tubes. Remove 
any filter on the lamp. 
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Page DalaLalch---~-r- 
Page Program1-----program 
Verify 


-1 


t 


vPs 


VPP 
VPP 
VCC 


-' 


IVCS 


~~~ 
+ 15 
. 


VCC 
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Noles: 


(1) G = First Address 


[2J N = last 
Address 
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Timing Waveforms (cont) 


Byte Programming Cycle 


_tAS--j 


I 


tDFr 


Data -In Stable 
Data-out Valid 


I 


r-tAH~ 
_tDS---j 
r 
tDH 
- 
{,~,~ 
{~'1 


Vpp 


Vpp 


Vcc 


Vcc+ 
1.5 


VCC 


Vcc 


Notes: 


[1J VCC must be applied simultaneously 
or before V pp and removed 
simultaneously 
or after Vpp. 


(2) Vpp 
must not be greater than +13.5 V,lncludlng 
overshoot. 


(3) Removing 
and reinser~ng 
the device while a voltage of 12.5 V Is 
applied to pin Vpp 
may affect device reliability. 


(4) The output lines are also used for data Input when programming 
the device. 


ttiEC 


Notes: 


(1) G = First Address 
(2) N _ Last Address 


Timing Waveforms 


ResdCycle 


Notes: 


(1) 6E may be delayed for read operation 
up to IACC-toe. 
after the failing 
edge of CE, wlthoullmpact 
on IACC. 


[2) tDF Is specified 
from OE or CE. whichever 
goes high first. 
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pPD27C1024A 
65,536 x 16·Bit 


CMOS UV EPROM 


Pin Identification 


Package 
Symbol 
Function 


40-pin 
cerdip with 
Ao ·A15 
Address inputs 
quartz window 
°0·°15 
Data outputs 


CE 
Chip enable 


OE 
Output 
enable 


PGM 
Program 


GND 
Ground 


vcc 
+5-volt 
power supply 


vpp 
Program voltage 


NC 
No connection 


Description 


The pPD27C1024Ais a 1,048,576-bit ultraviolet erasable 
and electrically programmable ROMfabricated with an 
advanced CMOS process for substantial 
power sav- 


ings. The device is organized as 65,536words by 16bits 
and operates from a single + 5-volt power supply. All 
inputs and outputs are TTL-compatible. 


The pPD27C1024A is available in a 40-pin ceramic DIP 
with quartz window. 


o 65,536 x 16-bit organization 
o Ultraviolet erasable and electrically programmable 
o High-speed word and page programming 
o Low power dissipation 


- 
50 mA max (active) 


-100 pA max (standby) 


o TTL-compatible 
inputs and outputs 


o Three-state outputs 
o Single + 5-volt power supply 
o Advanced CMOS technology 
o 40-pin cerdip packaging with quartz window 


Access 
Time (max) 


120 ns 


150 ns 


200 ns 


pPD27C1024AD-12 


D-15 


D-20 


Pin Configuration 


40-Pin Cerdip 


NEe 


Vcc- 
GND- 
Vpp_ 


OUtput Enable 
Chip Enable 


Program 
Logic 


· 
AS 
--- 
AS ······· 
A1S --- 


1,048,S7S·bit 
(1024 x 1024) 
tv1emory Array 


Absolute Maximum Ratings 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Output 
voltage, VOUT 


Input voltage, VIN 


Input voltage, Ag 


Supply voltage, Vcc 


Supply voltage, Vpp 


-10 to +80·C 


-65 to + 125·C 


-0,6 to + 7,0 V 


-0.6 to Vcc 
+ 0.3 V 


-0.6 to + 13.5 V 


-0.6 to +7.0 V 


-0.6 to +13.5 V 


Capacitance 
TA = 25·C; f = 1 MHz; VIN and VOUT = 0 V 


Parameter 
Symbol 
Mln 
Typ 


Input capacitance 
CIN 


Output capacitance 
COUT 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


Truth Table 


Function 
CE 
OE 
PGM 
Vpp 
Vcc 
Outputs 


Read 
VIL 
VIL 
VIH 
5.0V 
5.0V 
DOUT 


Output 
di sable 
VIL 
V1H 
X 
5.0V 
5.0V 
High·Z 


Standby 
V1H 
X 
X 
5.0V 
5.0V 
High·Z 


Page data latch 
VIH 
V1L 
V1H 
12.5V 
6.5V 
DIN 


Page program 
VIH 
VIH 
VIL 
12.5V 
6.5V 
High·Z 


Word program 
V1L 
VIH 
VIL 
12.5V 
6.5V 
DIN 


Program verify 
ViL 
V1L 
V1H 
12.5 V 
6.5V 
DOUT 


Program inhibit 
X 
VIL 
VIL 
12.5V 
6.5V 
High·Z 


X 
VIH 
VIH 


(1) X = VIL or VIH. 


(2) In read operation, 
PGM must be set to VIH at all times, or for at 


least 2 /,S before OE or CE returns to V1H. 
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Recommended Operating Conditions 


Parameter 
Symbol 


Read Operation or Standby 


Supply voltage 
Vee 


Vpp 


Input voltage, high 
VIH 


Input voltage, low 
VIL 


Operating temperature 
TA 


Programming Operation 


Supply voltage 
Vee 


Vpp 


Input voltage, high 
VIH 


Input voltage, low 
VIL 


Operating temperature 
TA 


4.5 


Vee-0.6 


2.0 


-0.3 


o 


Max 
Unit 


5.5 
V 


Vee + 0.6 
V 


Vee + 0.3 
V 


0.8 
V 


70 
·C 


6.75 
V 


12.8 
V 


Vee + 0.3 
V 


0.8 
V 


30 
·C 


DC Characteristics 
TA = 0 to + 70·C; Vee = +5.0 V ± 10%;Vpp = Vee ± 0.6 V 


Parameter 
Symbol 
Mln 
Typ 


Read Operation 


Output voltage, high 
VOH1 
2.4 


VOH2 
Vee-0.7 


Output voltage, low 
VOL 
0.45 


Output leakage current 
ILO 
-10 
10 


Input leakage current 
III 
-10 
10 


Vpp current 
Ipp 
100 


Vee current (active) 
leeA1 
15 


leeA2 
50 


Vee current (standby) 
leeS1 


leeS2 
100 


V 
IOH = -400 /!A 


V 
IOH = -100 /!A 


VIOL 
= 2.1 mA 


",A 
VOUT = 0 to Vee; DE = V1H 


",A 
V1N= 0 to Vee 


",A 
Vpp = Vee 


mA 
CE = V1L;V1N= V1H 


mA 
f = 8.4 MHz; lOUT = 0 mA 


mA 
CE = V1Hmin 


/!A 
CE 2: Vee - 0.2 V; V1N= 0 to Vee 


DC Characteristics 
(cont) 


TA = 25 ± 5·C; Vee = +6.5 V ± 0.25; Vpp = 


Parameter 
Symbol 


Programming Operation 


Output voltage, high 
VOH 


Output voltage, low 
VOL 


Input leakage current 
III 


Vpp current 
Ipp 


Vee current 
Ice 


+12.5 V ± 0.3 
IJ 


Mln 
Typ 
Max 
Unit 
Test Conditions 


2.4 
V 
IOH = -400 ",A 


0.45 
V 
IOL = 2.1 mA 


-10 
10 
",A 
V1N= Oto Vee 


50 
mA 
CE = PGM = VIL 


30 
mA 
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AC Characteristics 
TA = 0 to + 70·C; vcc = +5.0 V ± 10%; Vpp = Vcc ± 0.6 V 


"PD27C1024A-12 


Parameter 
Symbol 
Mln 
Max 


"PD27C1024A-15 


Mln 
Max 


"PD27C1024A-20 


Mln 
Max 


Read Operation 


Address to output 
delay 
tACC 
120 
150 
200 
ns 
CE = OE = V1L 


CE to output delay 
tCE 
120 
150 
200 
ns 
OE = VIL 


m: to output delay 
tOE 
60 
70 
70 
ns 
CE = VIL 
m: high to output float 
tOF 
0 
50 
0 
55 
0 
55 
ns 
CE = V1L 


Address to output 
hold 
tOH 
0 
0 
0 
ns 
CE = OE = V1L 


AC Characteristics 
(cent) 
TA = 25 ± 5·C; VCC = +6.5 V ± 0.25; Vpp = +12.5V 
± 0.3 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Page Programming Operation 


Address setup time 
tAS 
2 
"s 
CE setup time 
tCES 
2 
"s 


Data setup time 
tos 
2 
1'8 


Address hold time 
tAH 
2 
!Jos 


tAHL 
2 
!Jos 


tAHY 
0 
!Jos 


Data hold time 
tOH 
2 
1'8 
OE to output float time 
tOF 
0 
130 
ns 


Vpp setup time 
tyPS 
2 
!Jos 


VCC setup time 
tyCS 
2 
'" 
Program pulse width 
tpw 
0.095 
0.1 
0.105 
ms 
m: setup time 
tOES 
2 
!Jos 
m: to output delay 
tOE 
150 
ns 
m: pulse width during data 
tLW 
!Jos 
latch 


PGM setup time 
tpGMS 
2 
!Jos 


CE hold time 
tCEH 
2 
1'8 


OE hold time 
tOEH 
2 
!Jos 
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AC Characteristics 
(cent) 


TA = 25 ± 5'C; Vee = +6.5 V ± 0.25; Vpp = + 12.5 V ± 0.3 


Parameter 
Symbol 
Mln 


Word Programming 
Operation 


Address setup time 
tAS 
2 


DE setup time 
tOES 
2 


Data setup time 
tos 
2 


Address hold time 
tAH 
2 


Data hold time 
tOH 
2 


DE to output float time 
tOF 
0 


Vpp setup time 
tvps 
2 


Vee setup time 
tves 
2 


Program pulse width 
tpw 
0.095 
0.1 


"CE setup time 
teEs 
2 


DE to output delay 
tOE 


Unit 
Test Conditions 


"s 


"s 


"s 


/1S 


"s 


ns 


"s 


"s 


ms 


"s 


ns 


Notes: 


(1) Input 
pulse 
levels 
= 0.45 to 
2.4 V; input 
and 
output 
timing 


reference levels = 0.8 and 2.0 V; input rise and fall times s 20 ns. 
See figure 1 for output 
load. 
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Before programming the JLPD27C1024A,erase all data; 
this sets all data bits high. The JLPD27C1024Ais originally 
shipped in this condition. To begin programming, first 
raise Vcc to + 6.5 V ± 0.25,and then raise Vpp to 12.5V 
± 0.3. At this point, data to be programmed can be 
directly 
input in 16-bit format through the data bus. 
Programming causes relevant bits to go low. 


Word Programming 


For word programming, CE should be set low and OE 
high to start programming at the initial address.A 0.1-ms 
pulse is applied to PGM, as shown in the word program- 
ming portion of the timing waveforms, and OE goes low 
to verify the 16 bits prior to making a program/no 
program decision. If the word is not programmed, an- 
other 0.1-ms pulse is applied to PGM, up to a maximum 
of 10times, before the next address is input. Ifthe bits are 
not programmed in 10 tries, reject the device as a 
program failure. 


After all addresses are programmed, lower both Vcc and 
Vpp to +5.0 V ± 10%and verify all data again. 


Page Programming 


To begin page programming, CE and PGMshould be set 
high and OE pulsed low twice to latch the addressed 
two-word, one-page data. CE and OE subsequently go 
high and a 0.1-ms program pulse is applied to PGM, as 
shown in the page programming portion of the timing 
waveforms. Immediately thereafter, CE and OEgo low to 
verify the data prior to a program/no program decision 
being made. If the two words of page data are not 
programmed, another 0.1-mspulse is applied to PGM,up 
to a maximum of 10times. Ifthe page is not programmed 
in 10tries, reject the device as a program failure. 


Program Inhibit 


The program inhibit option can be used in either word or 
page operation to program one of multiple JLPD27C1024A 
devices whose CE pins are independent and OE, Vpp, 
and 00 through 015 pins are connected in parallel. For 
word programming, OE must be high and CE of the 
device to be programmed low. For page programming, 
both OE and CE must be high. Applying a low-level TTL 
pulse to PGM of the device to be programmed and a 
high-level TTL pulse to the PGM pins of the other devices 
enables the one device to be programmed while the 
others are inhibited. 


Program Verification 


To verify that the device is correctly 
programmed, 


execute a normal read cycle with a high logic level 
applied to the PGM pin and a low logic level applied to 
the CE and OE pins of the device to be verified. A high 
should be applied to the CE or OE pin of all other 
devices. 


Erasure 


Erase data on the JLPD27C1024Aby exposing it to light 
with a wavelength shorter than 400 nm. Since exposure 
to direct sunlight or room-level fluorescent light could 
also erase the data, mask the window to prevent unin- 
tentional erasure by ultraviolet rays. Opaque labels are 
supplied with every device. 


Data is typically erased by ultraviolet rays with a wave- 
length of 254 nm. A minimum integrated dose of 15 
W-sec/cm2 (ultraviolet lighting intensity multiplied 
by 


exposure time) is required to completely erase written 
data. Usingan ultraviolet lamp rated at 12,000JLW/cm2, 
it 


takes approximately 20 minutes to complete erasure. 
Place the JLPD27C1024Awithin 2.5 cm of the lamp tubes 
and removeany filter on the lamp. 
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Timing Waveforms 


RetldCycle 


Not •• : 


[1] OE may be delayed lor read operation up 10IACC-10E' 
after the failing 
edge or CE. without Impact on IACC. 


(2) IOF 10specilled from OE or CE. wtlk:MYer ocx:ursftrot. 


-i 


t 


vps 


vpp 
- 


vpp 
vcc 


~ 


tvcs 


vcc + 15 
. 


VCC 
VCC 


fttIEC 


Notes: 


[1 J G: 
First Address 


[2J N = Last Address 
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program--------~ 
•.~I~ 


Vpp 


Vpp 


Vcc 


f.-tAS-j 


I 


tDFr 


Data-In Stable 
Data-out Valid 


I 
r-tAHJ 
f--tDS--j 
r-tDH+ 
[,'''~ 


""1 


Vcc+ 
1.5 


Vcc 


Vcc 


(' J VCC must be applied simultaneously or betore V pp and removed 


simultaneously 
or after V pp. 


[2) Vpp must not be greater than +'3.5 
V, Induding overshoot. 


[3] 
Removing 
and reinserting 
the device while a voltage of 12.5 V is 
applied to pin Vpp may affect device reliability. 


[4J The output 
lines are also used for data Input when 
programming 
the device. 
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Notes: 


{1] G = First Address 
[2] N = Last Address 
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IIPD27C2001 


262,144 x 8-Bit 


CMOS UV EPROM 


Description 


The I£PD27C2001is a 2,097,152-bit ultraviolet erasable 
EPROMfabricated with double-polysilicon CMOS tech- 
nology for a substantial savings in both operating and 
standby power.The device is organized as 262,144words 
by a bits and operates from a single + 5-volt power 
supply. 


The I£PD27C2001 has a single-location programming 
feature, three-state ouputs, and fully TTL-compatible 
inputs and outpus. It also has a program voltage (Vpp) of 
12.5 volts and is available in a 32-pin cerdip with quartz 
window. 


o 262,144x a-bit organization 
o Ultraviolet erasable and electrically programmable 
o High-speed page or byte programming 
o Low power dissipation 


- 
30 mA max (active) 


- 
100I£Amax (standby) 


o TTL-compatible I/O for reading and programming 
o Single +5-volt power supply 
o Double-polysilicon CMOStechnology 
o 32-pin cerdip packaging with quartz window 
o JEDEC-compatible pinout 


Access 
Time (max) 


150 ns 


170 ns 


200 ns 


Package 


32-pin cerdip with 
quartz window 
"PD27C2001D-15 


0-17 


0·20 


Pin Configuration 


32-Pin 
CerrJip 


Pin Identification 


Symbol 


Ao - A17 


Oo-Or 
cr 


DE 


PGM 


GND 


Vcc 
Vpp 


Function 


Address inputs 


Data outputs 


Chip enable 


Output enable 


Program 


Ground 


+5-volt 
power supply 


Program voltage 


tttfEC 


Absolute Maximum Ratings 


Power supply voltage, Vcc 


Input voltage, V1N 


Input voltage, Ag 


Output voltage, Your 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSrG 


Program voltage, Vpp 


--<l.6to +7.0 V 


--<l.6to 
+ 7.0V 


--<l.6to 
+13.5V 


--<l.610 +7.0 V 


-10 to +80°C 


-65 to + 125°C 


-0.6 to + 13.5 V 


Capacitance 
TA = 25°C; f = 1 MHz; V1Nand Your 
= 0 V 


Parameter 
Symbol 
Min 
Typ 


Input capacitance 
C1N 


Output capacitance 
Cour 


Exposure 
to Absolute 
Maximum 
Ratings for extended 
periods 
may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits specified 
under DC and AC Characteristics. 


Truth Table 


Function 
CE 
OE 
PGM 
Vpp 
Vcc 
Outputs 


Read 
V1l 
V1l 
V1H 
5.0V 
5.0V 
Dour 


Output 
disable 
V1l 
V1H 
X 
5.0V 
5.0V 
High-Z 


Standby 
V1H 
X 
X 
5.0V 
5.0V 
High·Z 


Page data latch 
VIH 
Vil 
V1H 
12.5V 
6.5V 
DIN 


Page program 
V1H 
V1H 
V1l 
12.5V 
6.5V 
High·Z 


Byte program 
V1l 
V1H 
Vil 
12.5V 
6.5V 
DIN 


Program verify 
Vil 
V1l 
VIH 
12.5V 
6.5V 
Dour 


Program inhibit 
X 
V1l 
Vil 
12.5V 
6.5V 
High-Z 


X 
V1H 
VIH 


Notes: 


(1) X = Vil or V1H• 


(2) In read operation, 
PGM must be set to V1Hat all times, or for at 
least 2 #Josbefore OE or CE returns to V1H. 


Vcc- 
GND- 
Vpp_ 


OUtput Enable 
Chip Enable 
Program logic 


2.09],152-bit 
(1024,2048) 
fv1emory Array 


ttiEC 


Recommended Operating Conditions 


Parameter 
Symbol 


Read Operation or Standby 


Supply voltage 
Vee 


Vpp 


Input voltage, high 
VIH 


Input voltage, low 
VIL 


Operating temperature 
TA 


Programming Operation 


Supply voltage 
Vee 


Vpp 


Input voltage, high 
VIH 


Input voltage, low 
VIL 


Operating temperature 
TA 


4.5 


Vee-0.6 


2.0 


-0.3 


o 


Max 
UnIt 


5.5 
V 


Vee + 0.6 
V 


Vee + 0.3 
V 


0.8 
V 


70 
·C 


6.75 
V 


12.8 
V 


Vee + 0.3 
V 


0.8 
V 


30 
·C 


DC Characteristics 
TA = Oto +70·C; Vee = 
+5.0V ± 10%;vpp = Vee ± 0.6V 


Parameter 
Symbol 
Mln 
Typ 
Max 


Read Operation 


Output voltage, high 
VOHl 
------------------------------------- 


VOH2 


Output voltage, low 
VOL 


Output leakage current 
ILO 


Input leakage current 
III 


Vpp current 
Ipp 


Vee current (active) 
leeAl 
------------------------------------- 


leeA2 


Vee current (standby) 
leeSl 
------------------------------------- 
leeS2 


2.4 


Vee-0.7 


0.45 


10 


10 


100 


30 


30 


100 


+12.5 V ± 0.3 


Min 
Typ 
Max 


2.4 


0.45 


10 


50 


30 


DC Characteristics 
(cont) 


TA = 25 ± 5·C; Vee = +6.5 V ± 0.25; Vpp = 


Parameter 
Symbol 


Programming Operation 


Output voltage, high 
VOH 


Output voltage, low 
VOL 


Input leakage current 
III 


Vpp current 
Ipp 


Vee current 
Ice 


Unit 
Test Conditions 


V 
IOH = -400 p.A 


V 
IOH = -100 p.A 


V 
IOL = 2.1 mA 


p.A 
VOUT = 0 V to Vee; OE = VIH 


p.A 
VIN = 0 V to Vee 


p.A 
Vpp = Vee 


mA 
CE = VIL; VIN = VIH 


mA 
f = 6.7 MHz; lOUT = 0 mA 


mA 
CE = VIH min 


p.A 
CE = Vee; V1N= 0 V to Vee 
II 


Unit 
Test Conditions 


V 
IOH = -400 p.A 


V 
tOL = 2.1 mA 


p.A 
V1N= VIL or VIH 


mA 
CE = PGM = VIL 


mA 
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AC Characteristics 
TA = a to + 70°C; Vcc = 
+5.0 V ± 10%; Vpp = Vcc ± 0.6 V 


"PD27C2001·15 


Parameter 
Symbol 
Mln 
Max 


"PD27C2001.17 


Mln 
Max 


Read Operation 


Address to outpul 
delay 
tACC 
150 
170 


CE to output delay 
tCE 
150 
170 


DE to output delay 
tOE 
70 
70 


DE high to output float 
tOF 
a 
55 
a 
55 
a 


Address to output 
hold 
tOH 
a 
a 
a 


AC Characteristics 
(cent) 
TA = 25 ± 5°C; Vcc = +6.5 ¥ ± 0.25; ¥pp = +12.5¥ 
± 0.3 


Parameter 
Symbol 
Mln 
Typ 
Max 


Page Programming Operation 


Address setup time 
tAs 
2 


CE setup time 
tCES 
2 


Data setup time 
tos 
2 


Address hold time 
tAH 
2 


tAHL 
2 


tAHV 
a 


Data hold time 
tOH 
2 


OE to output float time 
tOF 
a 
130 


¥pp setup time 
tvps 
2 


¥CC setup time 
tvcs 
2 


Program pulse width 
tpw 
0.095 
0.1 
0.105 


OE setup time 
tOES 
2 


OE to output delay 
tOE 
150 


OE pulse width during data 
tLW 
latch 


PGM setup time 
tpGMS 
2 


CE hold time 
tCEH 
2 


OE hold time 
tOEH 
2 


"PD27C2001.20 


Mln 
Max 
Unit 
Test Conditions 


200 
ns 
CE = OE = ¥IL 


200 
ns 
DE = ¥IL 


75 
ns 
CE = ¥IL 


60 
ns 
CE = ¥IL or OE = ¥IL 


ns 
CE = OE = ¥IL 


Unit 
Test Conditions 


"s 


"s 


"s 


"s 


"s 


"s 


"s 


ns 


"s 


"s 


ms 


"s 


ns 


"s 


"s 


"s 


"s 
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AC Characteristics 
(cont) 


TA = 25 ± 5'C; Vee = +6.5 V ± 0.25; Vpp = + 12.5 V ± 0.3 


Parameter 
Symbol 
Mln 


Byte Programming Operation 


Unit 
Test Conditions 


p.$ 


/IS 


/IS 


/Is 


/Is 


ns 


/Is 


/Is 


ms 


/Is 


ns 


Address setup time 
tAS 
2 


OE setup time 
tOES 
2 


Data setup time 
tos 
2 


Address hold time 
tAH 
2 


Data hold time 
tOH 
2 


OE to output float time 
tOF 
0 


Vpp setup time 
typs 
2 


Vee setup time 
tves 
2 


Program pulse width 
tpw 
0.095 
0.1 


CE setup time 
teES 
2 


OE to output delay 
tOE 


Notes: 


(1) Input 
pulse 
levels 
= 0.45 to 
2.4 V; input 
and 
output 
timing 


reference levels = 0.8 and 2.0 V; input rise and fall times s; 20 ns. 
See figure 1 for output 
load. 


00UT 
0----. 
!,,~ 
r 
CL=100pF 
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Begin programming by erasing all data; this sets all bits 
high. The jLPD27C2001is originally shipped in this con- 
dition. To enter data, program a low-levelTTL signal into 
the chosen location. Address the first 
byte or page 
location and apply valid data at the eight ouput pins. 
Raise Vcc to +6.5 V ±0.25 and then Vpp to + 12.5V 
±0.3. 


Byte Programming 


CE should be set low and OE high to start programming 
at the initial byte address. Apply a 0.1-ms program pulse 
to PGM, as shown in the byte programming portion of 
the timing waveforms. Set OE low to verify the eight bits 
prior to making a program/no program decision. If the 
byte is not programmed, apply another 0.1-ms pulse to 
PGM, up to a maximum of 10times, and input the next 
address. If the bits are not programmed in 10tries, reject 
the device as a program failure. After all addresses are 
programmed, lower both Vcc and Vppto + 5.0 V ± 10% 
and verify all data again. 


Page Programming 


For page programming, CE and PGMshould be set high. 
OE pulses low four times to latch the addressed four- 
byte, one-page data. Subsequently, CE and OE should 
be set high and a 0.1-ms program pulse applied to PGM, 
as shown in the page programming portion of the timing 
waveforms. Verify the data prior to making a program/no 
program decision. If all four bytes of page data are not 
programmed, apply another 0.1-ms pulse to PGM, up to 
a maximum of 10times, and input the next page address. 
If the page is not programmed in 10 tries, reject the 
device as a program failure. After all addresses are 
programmed, lower both Vcc and Vppto +5.0 V ±10% 
and verify all data again. 


Program Inhibit 


Usethe programming inhibit option to program multiple 
jLPD27C2001s connected in parallel. All like inputs ex- 
cept PGM and OE may be common. Program individual 
devices by applying a low-levelTTL pulse to the PGM pin 
of the device to be programmed. Apply a high-level 
signal to the PGM pins of the other devices to prevent 
them from being programmed. 


Program Verification 


To verify that the device is correctly programmed, nor- 
mal read cycles can be executed with a high logic level 
applied to the PGM pin and a low logic level applied to 
CE and OE of the device to be verified. The CE or OE 
pins of all other devices should be set high. 


Program Erasure 


Erase data on the jLPD27C2001by exposing it to light 
with a wavelength shorter than 400 nm. Since exposure 
to direct sunlight or room-level fluorescent light could 
also erase the data, mask the window to prevent unin- 
tentional erasure by ultraviolet rays. Opaque labels are 
supplied with every device. 


Data is typically erased by ultraviolet rays with a wave- 
length of 254 nm. A minimum integrated dose of 15 
W-sec/cm2 (ultraviolet lighting 
intensity multiplied by 


exposure time) is required to completely erase written 
data. 


Usingan ultraviolet lamp rated at 12,000jLW/cm2, 
it takes 


approximately 15 to 20 minutes to complete erasure. 
Place the jLPD27C2001within 2.5 cm of the lamp tubes 
and remove any filter on the lamp. 
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Timing Waveforms 


Read Cycle 


Notes: 


[1J 6E may be delayed for read operation 
up to t ACC- 
tOE after the falling 


edge 
of CE, without 
impact on LACe. 


[2] lDF is speofied 
from OE or CE. whichever 
goes high first. 
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Page Data Latch ---- 
r- Page Program1.... 
~---IProgram 
Verify 


Vpp 
Vpp 


VCC 


Vcc + 1.5 


VCC 
VCC 


NEe 


Notes: 


(1) G = First Address 


[2J N = last 
Address 


NEe 


Program 
t 


Program Verify 
-I 
) 
/\. 


--tAS--1 
I 


tDFr- 


Data-In Stable 
Data-out Valid 


I 


r-tAH~ 
--tDS-1 
r 
tDH 
- 
[""~ 
['~1 


Vpp 


Vpp 


VCC 


Vcc+ 
1.5 


Vcc 


Vcc 


[1) VCC must be applied simultaneously 
or before V ppand 
removed 


simultaneously 
or after Vpp. 


(2) Vpp 
must not be greater than +13.5 V, Induding 
overshoot. 


(3) Removing 
and reinserting 
the device while a voltage of 12.5 V is 


applied to pin Vpp 
may affactdevice 
reliability. 


(4) The oUlput lines are also used for data Input when programming 
the device. 


NEe 


Notes: 


[1) G = First Address 
[2J N = Last Address 
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NEe 
NEe Electroni cs Inc. 


IJPD27C4001 


524,288 x 8-Bit 


CMOS UV EPROM 


Description 


The pPD27C4001 is a 4,194,304-bit ultraviolet erasable 
EPROMfabricated with double-polysilicon 
CMOS tech- 


nology for a substantial savings in both operating and 
standby 
power. The device is organized as 524,288 


words by 8 bits and operates from a single + 5-volt 
power supply. 


The pPD27C4001 has a single-location 
programming 


feature, three-state outputs, and fully TTL-compatible 
inputs and outputs. It also has a program voltage (Vpp) 
of 12.5 volts and is available in a 32-pin cerdip with 
quartz window. 


Features 


o 524,288-word by 8-bit organization 
o Ultraviolet erasable and electrically programmable 
o High-speed programming 
o Low power dissipation 


- 
30 mA (active) 


- 
100pA (standby) 
o TTL-compatible 
I/O for reading and programming 


o Single + 5-volt power supply 
o Double-polysilicon 
CMOS technology 


o 32-pin cerdip packaging with a quartz window 
o JEDEC-compatible pinout 


Access 
Time (max) 


150 ns 


170 ns 


200 ns 


Package 


32-pin cerdip with 
quartz window 


pPD27C4001 DZ-15 


DZ-17 


DZ-20 


Pin Configuration 


32-Pin Cerdip 


Symbol 
Function 


Ao-A18 
Address inputs 


00-07 
Data outputs 


CE 
Chip enable 


DE 
Output 
enable 


GND 
Ground 


Vcc 
+5-volt 
power supply 


Vpp 
Program voltage 
II 


t\'EC 


Absolute Maximum Ratings 


Power supply voltage, Vcc 


Input voltage, V1N 


Input voltage, Ag 


Output 
voltage, VOUT 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Program voltage, Vpp 


-0.6 to +7.0 V 


-0.6 to Vcc 
+ 0.3 V 


-0.6 to +13.5V 


-0.6 to +7.0 V 


-10 to +80'C 


-65 to + 125'C 


-0.6 to + 13.5 V 


Truth Table 


Function 
CE 
OE 
Vpp 
Vcc 
Outputs 


Read 
VIL 
VIL 
+5.0V 
+5.0V 
DOUT 


Output 
disable 
VIL 
VIH 
+5.0V 
+5.0V 
Hlgh-Z 


Standby 
VIH 
X 
+5.0V 
+5.0V 
High-Z 


Program verify 
X 
V1L 
+12.5V 
+6.5V 
DOUT 


Program 
VIL 
VIH 
+12.5V 
+6.5V 
DIN 


Program Inhibit 
VIH 
VIH 
+12.5V 
+6.5V 
High-Z 


Notes: 


(1) "X" can be either VIL or VIH' 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated within 
the limits specified 
under DC and AC Characteristics. 


Capacitance 
TA = 25'C; f = 1 MHz; VIN and VOUT = 0 V 


Parameter 
Symbol 
Max 


Input capacitance 
CIN 
14 


Output 
capacitance 
COUT 
16 


Vcc- 
GND_ 
Vpp- 


Data Outputs 
Oot~OJ 


4.194.304-bit 
(1024 x 4096) 
Memory Array 


NEe 


Recommended 
Operating Conditions 


Parameter 
Symbol 


RNd 
Operation or Standby 


Supply voltage 
Vcc 


Vpp 


Input voltage, high 
VIH 


Input voltage, low 
VIL 


Operating temperature 
TA 


Programming Operation 


Supply voltage 
Vcc 


Vpp 


Input voltage, high 
VIH 


Input voltage, low 
V1L 


Operating temperature 
TA 


Max 
Unit 


5.5 
V 


Vcc + 0.6 
V 


Vcc + 0.3 
V 


0.8 
V 


70 
·C 


6.75 
V 


12.8 
V 


Vcc + 0.3 
V 


0.8 
V 


30 
·C 


4.5 


Vcc-0.6 


2.0 


-0.3 
o 
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AC Characteristics 
TA = 0 to + 70'C; vcc 
= +5.0 V ± 10%; Vpp = Vcc 


"PD27C4001-15 


Parameter 
Symbol 
Mln 
Max 


Read Operation and Standby 


Address to output 
delay 
tACC 
150 
170 
200 
ns 
"CE = OE = VIL 


"CE to output delay 
tCE 
150 
170 
200 
ns 
OE = VIL 


OE to output delay 
tOE 
70 
70 
75 
ns 
"CE = V1L 


OE or "CE to data output float delay 
tOF 
0 
55 
0 
55 
0 
60 
ns 
"CE = V1Lor OE 
= V1L 


Address to output 
hold time 
tOH 
0 
0 
0 
ns 
"CE = OE = V1L 


"PD27C4001-17 
"PD27C4001-20 


Mln 
Max 
Mln 
Max 


AC Characteristics 
(cent) 
TA = +25 ± 5'C; VCC = +6.5 V ± 0.25; Vpp = + 12.5 V ± 0.3 


Parameter 
Symbol 
Mln 


Programming Operation 


Address setup time 


OE setup time 


Data setup time 


Address hold time 


Data hold time 


Output 
enable to output float delay 


Vpp setup time 


Program pulse width 


VCC setup time 


Data valid from OE 


tAS 


tOES 


tos 


tAH 


tOH 


tOF 


tvps 


tpw 


tvcs 


tOE 


o 


2 


0.095 


2 


Notes: 


(1) Inputs levels = 0.45 to 2.4 V; input and output timing 
reference 
levels = 0.8 V and 2.0 V; input rise and fall times 
:s; 20 ns. See 
figure 1 for output load. 


°OUT c>-------L~"'~ 
I 
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Begin programming by erasing all data; this sets all bits 
at a high logic level. The I4PD27C4001 is originally 
shipped in this condition. To enter data, apply valid data 
at the eight output pins of the chosen address. RaiseVcc 
to + 6.5 V ±0.25; then raise Vpp to + 12.5V ±0.3. 


OEshould be set high to to start programming the initial 
address. Apply a 0.1-msprogram pulseto CE as shown in 
the programming portion of the timing waveforms. Set 
OE low to verify the eight bits prior to making a program/ 
no program decision. If the address is not programmed. 
apply another 0.1-ms pulseto CE, up to a maximum of 10 
times. and input the next address. If the bits are not 
programmed in 10tries, reject the device as a program 
failure. After all addresses are programmed, lower Vpp 
and then Vcc to + 5.0 V ± 10%and verify all data again. 


Program Inhibit 


This option is used to program multiple I4PD27C4001s 
connected in parallel. All like inputs except CE and OE 
may be common. Program individual devices by apply- 
ing a high levelto all OE pins and a low-levelTTL pulse to 
the CE pin of the device to be programmed. Applying a 
high-level signal to the CE pins of the other devices 
prevents them from being programmed. 


Program Verification 


To verify that the device is correctly programmed. nor- 
mal read cycles can be executed with a high logic level 
applied to all CE pins and a low logic level applied to the 
OE pin of the device to be verified. A high logic level 
should be applied to the OE pins of all other devices. 


Program Erasure 


Erase data on the I4PD27C4001by exposing it to light 
with a wavelength shorter than 400 nm. Since exposure 
to direct sunlight or room-level fluorescent light could 
also erase the data, mask the window to prevent unin- 
tentional erasure by ultraviolet rays. Opaque labels are 
supplied with every device. 


Data is typically erased by ultraviolet rays with a wave- 
length of 254 nm. A minimum integrated dose of 15 
W-sec/cm2 (ultraviolet lighting intensity multiplied 
by 


exposure time) is required to completely erase written 
data. 


An ultraviolet lamp rated at 12,000I4W/cm2takes approx- 
imately 20 minutes to complete erasure. Place the 
I4PD27C4001within 2.5 emof the lamp tubes and remove 
any filter on the lamp. 


II 
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Vpp 


Vpp 


Vcc 


Vcc 


Vcc 


Vcc 


Program 
'1· 
Program Verify 
'1 


) 
K 


_tAS-1 
tDFr-- 


Data-in Stable 
Data-out Valid 


~tA:~ 


_tDS--j 
r 


tDH+ 


[''''~ 


, 


+ 1.5 


["" 
I 


tp 


[1] VCC must be applied simultaneously 
or before Vpp and removed 


simultaneously 
or after Vpp. 


[2] Vpp 
must not be greater 
than +13.5 
V, including overshoot. 


[3) Removing 
and reinserting the device while a voltage of 12.5 V is 
applied 
to pin Vpp 
may affect device reliability. 


[4] The output lines are used for data input when programming 
the device. 


t-{EC 


Notes: 


[1] G = First Address 
[21 N = Last Address 
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Timing Waveforms 


Read Cycle 


Notes: 


[lJ DE may be delayed 
for read operation 
up to tACC- 
tOE. after the falling 
edge of CE. without 
impact on tACC- 


[2J lOF is specified 
from BE or eE, whichever 
occurs first. 
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EEPROMs IIiI 


NEe 


Section 10 
EEPROMs 


~PD28C04 
512 x 8-Bit CMOS EEPROM 


~PD28C05 
512 x 8-Bit CMOS EEPROM 


~PD28C64 
8,192 x 8-Bit CMOS EEPROM 


~PD28C256 
32,768 x 8-Bit CMOS EEPROM 


EEPROMs 


/lPD28C64 


ttlEC 
NEe Electronics 
Inc. 


pPD28C04 
512 x 8-Bit 
CMOS EEPROM 


Description 


The /A-PD28C04 is a 4,096-bit 
electrically 
erasable 
and 


programmable 
read-only 
memory 
(EEPROM) organized 


as 512 x 8 bits and fabricated 
with 
an advanced 
CMOS 


process 
for 
high 
performance 
and 
low 
power 


consumption. 


The device operates 
from a single 
+ 5-volt power supply 


and 
provides 
a DATA polling 
function 
to 
indicate 
the 


precise 
end of write 
cycles. 
Additional 
features 
include 


chip 
erase, 
auto 
erase 
and 
programming 
cycles. 
The 


/A-PD28C04 is available 
in standard 
24-pin 
plastic 
DIP or 


miniflat 
packaging. 


Features 


o 
Fast access times of 200 and 250 ns maximum 


o 
Single 
+5-volt 
power 
supply 


o 
Chip erase feature 


o Auto erase and programming 
at 10 ms maximum 


o 
DATA polling 
verification 


o 
Low power dissipation 
- 
17 mA max (active) 


- 
100 ~ 
max (standby) 


o 
Endurance: 
100,000 erase/write 
cycles 
per byte 


o 
TTL-compatible 
inputs and outputs 


o 
Three-state 
outputs 


o Advanced 
CMOS technology 


o 24-pin 
plastic 
DIP or miniflat 
packaging 


Part Number 


"PD28C04C-2O 


C-25 


"PD28C04G-20 


G-25 


Access 
Time (max) 


200 ns 


250 ns 


200 ns 


250 ns 


Package 


24-pln plastic DIP 


Pin Configuration 


24-Pin PI•• tic DIP or Minifl.t 


A7 
VCC 
As 
AS 
As 
NC 


A4 
WE 


A3 
OE 


A2 
NC 
A, 
CE 


Ao 
1107 
vOo 
IIOs 


VOl 
"05 


"02 
"04 


GND 
1103 


Pin Identification 


Symbcl 


Ao·Aa 


1/00-110, 
~ 


Ol: 


WE 


GND 


vcc 


NC 


Function 


Address Inputs 


Data Inputs/outputs 


Chip enable 


Output 
enable 


Write enable 


Ground 
+5-volt power supply 


No connection 


ttiEC 


Absolute Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI1 


Input voltage, VI3 (eE) 


Output voltage, Vo 


Operating 
temperature, 
TOPT 


Storage temperature, 
TSTG 


-0.6 
to +7.0V 


-0.6to 
+7.0V 


-0.6 
to +16.5 V 


-0.6to 
+7.0V 


-10 to +85'C 


- 65 to + 125'C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, high 
VIH 
2.2 
Vcc 
+ 0.3 
V 


Input voltage, low 
VIL 
-0.3 
0.7 
V 


Ambient temperature 
TA 
0 
70 
'C 


Vcc- 
GND- 


Control Logic 
and 
Timing 
CirQJits 


Capacitance 
fA = 25'C; f = 1 MHz; VIN and VOUT = 0 V 


Parameter 
Symbol 
Mln 
Typ 


Input capacitance 
CI 
7 


Output 
capacitance 
Co 


Truth Table 


Function 
CE 
OE 
WE 
I/O 
lee 


Read 
VIL 
VIL 
VIH 
DOUT 
Active 


Standby 
and 
V1H 
X 
X 
Hlgh-Z 
Standby 


write Inhibit 


Write 
VIL 
VIH 
VIL 
DIN 
Active 


Chip erase 
VIL 
VIHH 
VIL 
DIN = VIH 
Active 


Write Inhibit 
X 
VIL 
X 


X 
X 
VIH 


Notes: 


(1) X can be either VIL or VIH' 


(2) VIHH = + 15 ± 0.5 V. 
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DC Characteristics 
TA = 0 to +70'C; 
VCC = 
+5.0 V ± 10,*, 


Parameter 
Symbol 
Mln 
Typ 


Output 
voltage, high 
VOHl 
2.4 


VOH2 
Vcc-0.7 


Output 
voltage, low 
VOL 


Output 
leakage current 
ILO 


Input leakage current 
III 


Vcc 
current 
(active) 
ICGAl 


ICCA2 


Vcc 
current 
(standby) 
ICCSl 


ICCS2 


Test Conditions 


IOH = -400 p.A 


IOH = -100 p.A 


IOL = 2.1 mA 


VOUT = 0 to VCC 


VIN = OtoVCC 


~ 
= V1L;V1N = V1H 


f = 5 MHz; lOUT = OmA 


~=VIH 


~ 
= VCC; VIN = OVto 
VCC 


AC Characteristics 
TA = Oto 
+70'C;Vcc 
= 
+5.0V± 
10,*, 


"PD28C04-20 
"PD28C04-25 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


.Rud 
Operation 


Address to output 
delay 
tACC 
200 
250 
ns 
~ 
= m: 
= VIL; WI: = VIH 


~ 
to output delay 
tCE 
200 
250 
ns 
m: 
= V1L;WI: = V1H 


m: to output 
delay 
tOE 
10 
75 
10 
100 
ns 
~ 
= VIL; WE = V1H 


~ 
high to output float 
tOFC 
0 
60 
0 
80 
ns 
m: 
= VIL; WE = V1H 


m: 
high to output float 
tOFO 
0 
60 
0 
80 
ns 
~ 
= VIL; WI: = VIH 


Output 
hold time from 
tOHA 
0 
0 
ns 
~ 
= m: 
= VIU 
address change 
WE = VIH (Note 2) 


Output 
hold time from rising 
tOHC 
0 
0 
ns 
m: 
= V1L;WE = V1H(Note 2) 


edgeof~ 


Output 
hold time from rising 
tOHO 
0 
0 
ns 
~ 
= VIL; WI: = VIH 
edgeofm: 


WE setup time to ~ 
twsc 
to 
10 
ns 
~=VIH 


WE setup time to m: 
twso 
10 
10 
ns 
m: 
= V1H 


WI: hold time from rising 
tWHO 
10 
10 
ns 
m: 
= VIH 
edge ofm: 


Writ. Operation 


Write cycle time 
twc 
10 
10 
ms 
1m 


\.. 


Address setup time 
tAS 
10 
10 
ns 


Address hold time 
tAH 
200 
200 
ns 


Write setup time 
tcs 
0 
0 
ns 


Write hold time 
tCH 
0 
0 
ns 


NEe 


Parameter 


Write Operation 
(cont) 


C"E pulse width 


~ 
high setup time 


~ 
high hold time 


WE: pulse width 


Data setup time 


Data hold time 


WE: high after WE:-controlled 
write cycle 


C"E high after C"E-<:ontrolled 
write cycle 


Chip Erase Operation 


m:setuptlme 
rn: setup time 


Deta setup time 


Data hold time 


WE: pulse width 


m: 
hold time 


~holdtime 


tcw 


tOES 


tOEH 


twP 


tos 


tOH 


tWEH 


tECS 


tEOES 


tEOS 


tEOH 


tEWP 


tECH 


tEOEH 


"PD28C04-20 
"PD28C04-25 


Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


150 
150 
ns 


10 
10 
ns 


10 
10 
ns 


150 
150 
ns 


100 
100 
ns 


20 
20 
ns 


9.9 
9.9 
ms 


9.9 
9.9 
ms 


500 
500 
ns 


500 
500 
ns 


500 
500 
ns 


100 
100 
ns 


10 
10 
ms 


5 
5 
I'S 


tECH + 3 
tECH + 3 
I'S 


Notes: 


(1) See figure 1 for the output 
load. Input rise and fall time s 20 ns; 
Input pulse levels = 0.45 and 2.4 V; timing 
measurement 
refer- 
ence levels = 0.8 and 2.0 V for both Inputs and outputs. 


(2) Output hold time Is specified 
from address, OE or CE, whichever 
goes Invalid first. 


ttiEC 


~fr1/////1///11/ 


ff~IIIII@j//1Z 


.111 
'W~ 
.~ 
II 
I 


ljU::o 


Notes: 


[1J Use IOFC if CE transitions 
10VIH before DE Iransilions 
'" VIH. 
[2) Use IOFOif 
DE transitions 
10VIH before CE transilions 
10VIH. 
lJL 


IOHA 


IOHC 


IOHO 
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Timing Waveforms (cont) 


WE-Controlled 
Write Cycle 


Notes: 


(1) The address 
inputs are latched at the falling edge of CE or WE, 


whichever 
occurs later. 


(2) The data inputs are latched at the rising edge of CE or WE, 


whichever 
occurs 
earlier. 


(3) Write operation 
requires both CE and WE to be at VIL, 


Parameter 
twp 
is defined only for the period when both 


CE and WE are at VIL ' 
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Timing Waveforms (cont) 


CE-Controlled 
write Cycle 


I-o--------------twc 


AddreSS~ 
Address Valid 
~ 


- 
!==tAS 
tAH=::J 
~ 


r::d 
""1. 


WE -\\\\-\\\ 
j«-Z0-m-::-I/-//-Z /\ 


_t=tDS~~tDHj 
_ 


~~ 
~_______________ 
Data InputValid 
~":!#II#II#;}---------- 


Notes: 


[1] The address inputs are latched at the fallingedge of CE or WE, 


whichever 
occurs 
later. 


[2J The data inputs are latched at the risingedge ofCE or WE, 


whichever 
occurs earlier. 
[3] Writeoperation requires bothCE and WEto be at VIL. 


Parameter 
tewis defined 
only for the period when 
both 
CE and WEare at VIL. 
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Timing Waveforms (cont) 


Chip Erase Cycle 


BE 


"~~ 
~O" 


OE 
(,m,,- 
H,,"J 


lEWP 


WE 


VO 
r~- 
~"'"\ 


S3IH-6023B 
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Read Cycle 


Both CE and OE must be at VIL in order to read stored 
data. While the device is executing read cycles, bringing 
either of these inputs to VIHwill place the outputs in a 
state of high impedance. This two-line output control 
allows bus contention to be eliminated in the system 
application. 


Byte Write Cycle 


Low levels on CE and WE and a high level on OE place 
the ~PD28C04 in write operation. The write address 
inputs are latched by the falling edge of either CE or WE, 
whichever occurs later. The data inputs are latched by 
the rising edge of either CE or WE, whichever occurs 
earlier. Once byte write cycles begin executing, internal 
circuits assume all timing control and the byte being 
addressed 
is 
automatically 
erased and 
then 
pro- 


grammed. The operation is completed within a write 
cycle time (twO>of 10 ms. 


Chip Erase Cycle 


All bytes of the ~PD28C04can be erased simultaneously 
by making CE and WE fall to VIL after OE has been 
increased to VIHH (15±0.5 V). The address inputs are 
"don't care:' but the data inputs must all be driven to VIH 
before the chip erase cycle begins. 


DATA Polling Feature 


This feature supports system software by indicating the 
precise end of byte write cycles. DATApolling can be 
used to reduce the total 
programming 
time of the 


~PD28C04 to a minimum value, which varies with the 
system environment. 


While internal automatic write cycles are in progress, 
any attempt to read data at the last externally supplied 
address location will result in inverted data on pin 1/07 
(for example, if write data = 1xxxxxxx, then read data = 
Oxxxxxxx). Once the write cycle is complete, a read cycle 
will result in true data being output on 1/07, 


Write Protection Features 


The ~PD28C04provides three features to prevent invalid 
write cycles: 


- 
Noise immunity, where write operation is inhibited 
when the WE pulse width is 20 ns or less. 


- Supply voltage-level detection, where write opera- 


tion is inhibited when Vcc is 2.5 volts or less. 


- Write protection logic, where write operation is 


inhibited if OE is held low or CE or WE is held high 
during power-on or -off of the Vcc supply voltage. 


NEe 


NEe 
NEe Electronics Inc. 


~PD28C05 
512 x 8-BIT 


CMOS EEPROM 


Description 


The ~PD28C05 is an electrically erasable and program- 
mable read-only memory (EEPROM)organized as 512 
words by 8 bits. The device operates from a + 5-volt 
power supply and is fabricated with an advanced CMOS 
process for high performance and low power consump- 
tion. 


The device offers an ALE pin to control the latching of 
addresses and a DATApolling function to Indicate the 
precise end of write cycles. Additional features include 
chip erase,auto eraseand programming. The ~PD28C05 
is available In standard 24-pin plastic DIP or miniflat 
packaging. 


Features 


o 512-word by 8-bit organization 
o Single +5-volt power supply 
o Fast access times of 200 and 250 ns maximum 
o Chip erase feature 
o Auto erase and programming: 10ms maximum 
o DATApolling feature 
o Address latching by means of ALE pin 
o Low power dissipation 


-50mA 
max 


-100 
~A max 


o Endurance: 100,000erase/write cycles per byte 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Advanced CMOS technology 
o 24-pin plastic DIP or miniflat packaging 


Part Number 


"PD28COSe-2O 


e-25 


"PD28COSG-2O 


G-2S 


Access 
Time (max) 


200 ns 


250 ns 


200 ns 


250 ns 


Package 


24-pln plastic DIP 


Pin Configuration 


24-Pln Plastic DIP or Mlnl'/a' 


A7 
vcc 


A6 
AS 


As 
NC 


A4 
WE 


A3 
OE 


A2 
ALE 


A1 
CE 


Ao 
1107 


1/00 
"06 


1/01 
1/°5 


"02 
1/04 


GND 
1/03 


Pin Identification 


Symbol 


Ao-Aa 


1/00 -1/0] 
~ 
rn: 


Wi: 


AU: 


GND 


Vcc 


NC 


Function 


Address Inputs 


Data Inputs and outputs 


Chip enable 


Output 
enable 


Write enable 


Address latch enable 


Ground 


+S-volt power supply 


No connection 


t-IEC 


Absolute Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI1 


Input voltage, VI2 (OE) 


Output voltage, VOUT 


Operating 
temperature, 
TOPT 


Storage temperature, 
TSTO 


-0.6to 
+7.0V 


-0.6to 
+7.0V 


- 0.6 to + 16.5 V 


-0.6to 
+7.0V 


-10 to +85°C 


- 65 to + 125°C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated within 
the limits specified 


under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, 
VIH 
2.0 
Vcc 
+ 0.3 
V 


high 


Input voltage, 
low 


Operating 
temperature 


Vcc_ 
GND- 


Control 
Logic 


and 
Timing Circuits 


Capacitance 
TA = 25°C; f = 1 MHz 


Parameter 
Symbol 
Mln 
Max 
Unit 


Input capacitance 
CI 
12 
pF 


Output 
capacitance 
Co 
10 
pF 


Truth Table 


Function 
CE 
OE 


Read 
VIL 
V1L 


Standby 
and 
V1H 
X 
write Inhibit 


Write 


Chip erase 


Write Inhibit 


I/O 


DOUT 


High·Z 


VIL 
VIH 
VIL 
VIH 
DIN 


VIL 
VIHH 
VIL 
VIH 
DIN = VIH 


X 
VIL 
X 
X 


X 
X 
VIH 
X 


lee 


Active 


Standby 


Active 


Active 


Notes: 


(1) X can be either VIL or V1H. 


(2) VIHH = + 15 ±0.5 V. 


NEe 


DC Characteristics 
TA = Oto 
+70·C; vcc 
= +5.0V 
± 10% 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Output voltage, high 
VOHl 
2.4 
V 
IOH = -400 t!A 


VOH2 
Vcc-0.7 
V 
IOH = -100 t!A 


Output voltage, low 
VOL 
0.45 
V 
IOL = 2.1 mA 


Output 
leakage currenl 
ILO 
10 
p.A 
VOUT = 0 to VCC (max) 


Input leakage current 
ILl 
10 
t!A 
V1N= 0 to Vcc 
(max) 


VCC current 
(active) 
ICCAl 
20 
mA 
"CE = V1L;V1N= V1H 


ICCA2 
50 
mA 
f = 5 MHz; lOUT = 0 mA 


Vcc current 
(standby) 
ICCSl 
mA 
"CE = V1H 


ICCS2 
100 
t!A 
"CE = VCC; VIN = 0 to VCC 


AC Characteristics 
TA = 0 to +70·C; VCC = +5.0 V ± 10% 


p.PD28C05-20 
,.PD28C05-25 


Parameter 
Symbol 
Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


RtNJdCycle 


Address to output 
delay 
tACC 
200 
250 
ns 
"CE = m: = VIL; 
ill 
= WE = V1H 
ill 
to output delay 
tALE 
200 
250 
ns 
"CE = m: = VIL; WE = VIH 


"CE to output 
delay 
tCE 
200 
250 
ns 
OE: = VIL; WE = VIH 


OE: to output delay 
tOE 
10 
75 
10 
100 
ns 
"CE = VIL; WE = VIH 


"CE high to output float 
tOFC 
0 
60 
0 
80 
ns 
m: = VIL; WE = VIH 


OE: high to output 
float 
tOFO 
0 
60 
0 
60 
ns 
"CE = VIL; WE = VIH 


Output 
hold time from 
tOHA 
0 
0 
ns 
"CE = OE: = VIL; 
address change 
ill 
= WE = VIH (Note 2) 


Output 
hold time from rising 
tOHL 
0 
0 
ns 
"CE = OE: = VIL; WE = VIH 
edge 01ALE 
(Note 2) 


Output 
hold time from rising 
tOHC 
0 
0 
ns 
m: = VIL; WE = VIH (Note 2) 
edge olCE 


Output 
hold time from rising 
tOHO 
0 
0 
ns 
"CE = VIL; WE = VIH 
edgeolOE: 


ill 
hlgh-Ievsl pulse width 
tLL 
40 
40 
ns 
WE = V1H 


Address setup time to ill 
tASL 
15 
20 
ns 
WE = V1H 


Address hold time from ill 
tAHL 
20 
30 
ns 
WE = V1H 
ED 
CE setup time to ill 
tCSL 
20 
20 
ns 
WE = V1H 


WE setup time to CE 
twsc 
10 
10 
ns 
"CE = VIH 


WE setup time to m: 
twso 
10 
10 
ns 
m: = VIH 


WE hold time from rising 
tWHO 
10 
10 
ns 
m: = VIH 


edge ofOE: 


~PD28C05 


AC Characteristics 
(cent) 


I4PD28COS-20 


Parameter 
Symbol 
Mln 
Max 
Writ. Cycle 


Write cycle time 
twc 
10 


Address setup time to WE 
tAS 
10 


Address hold time from WE 
tAH 
200 


rn: setup time to WE 
tcs 
0 


rn: hold time from WE high 
tCH 
0 


rn: pulse width 
tcw 
150 


rn: high setup time 
tOES 
10 


rn: high hold time 
tOEH 
10 


WE pulse width 
twP 
150 


Data setup time 
tos 
100 


Data hold time 
tOH 
20 


rn: high after rn:-controlled 
tCEH 
9.9 
write cycle 


WE high after WE-controlled 
tWEH 
9.9 
write cycle 


ChipEr ••• 
Cycl. 


rn: setup time 
tECS 
500 


rn: setup time 
tEOES 
500 


Data setup time 
tEOS 
500 


Data hold time 
tEOH 
100 


WE pulse width 
tEWP 
10 


rn: hold time 
tECH 
5 


rn: hold time 
tEOEH 
tECH + 3 


t-IEC 


I4PD28COS-2S 


Mln 
Max 
Unit 
Teat Condltlona 


10 
ms 


10 
ns 


200 
ns 
a 
ns 
a 
ns 


150 
r'ls 


10 
ns 


10 
ns 


150 
ns 


100 
ns 


20 
ns 


9.9 
ms 


9.9 
ms 


500 
ns 


500 
ns 


500 
ns 


100 
ns 


10 
ms 


5 
I4s 


tECH + 3 
I4s 


Notes: 


(1) Input rise and fall time 
s 20 ns; Input pulse levels = 0.45 and 
2.4 V; timing 
measurement 
reference levels = 0.8 and 2.0 V for 
both Inputs and outputs. 
See figure 1 for output 
load. 


(2) Output hold time is specified 
either from the address, or from the 


ALE, OE or CE pins, whichever 
goes invalid 
first. 


NEe 


Truth Table 


Function 
CE 
OE 
WE 
ALE 
1/00 -1/07 
lee 


Read 
VIL 
VIL 
V1H 
X 
DOUT 
Active 


Standby 
and write Inhibit 
VIH 
X 
X 
X 
High-Z 
Standby 


Write 
VIL 
V1H 
VIL 
V1H 
DIN 
Active 


Chip erase 
VIL 
V1HH 
VIL 
VIH 
DIN = VIH 
Active 


Write Inhibit 
X 
VIL 
X 
X 


X 
X 
VIH 
X 


Notes: 


(1) X can be either VIL or VIH' 


(2) 
VIHH = + 15 :!: 0.5 V. 


Read Cycles 


CE and OE must both be at VILfor read cycles to be 
executed. If either of these inputs rise to VIHwhile the 
device is reading stored data, the outputs will be placed 
in a state of high impedance. This two-line output control 
eliminates bus contention in the system application. 


Byte Write Cycles 


Low logic levels on CE and WE and high logic levels on 
OEand ALE place the ~PD28C05in write operation. The 
write address inputs are latched by the falling edge of 
either CE or WE, whichever occurs later.The data inputs 
are latched by the rising edge of either CE or WE, 
whichever occurs earlier. Once byte write operation has 
begun, the internal circuitry assumes all timing control 
and the byte being addressed in automatically 
erased 


and then programmed. The operation completes within 
the write cycle time (twd of 10 ms. 


Chip Erase Cycles 


All bytes of the ~PD28C05can be erased simultaneously 
by making CE and WEfall to VILand ALE rise to VIHafter 
OE has been increased to VIHH (+ 15 ± 0.5 V). The 
address inputs are "don't care," but the data inputs must 
all be driven to VIHbefore the chip erase cycle begins. 


DATAPolling Feature 


This feature supports system software by indicating the 
precise end of byte write cycles and can be used to 
reduce the total programming time of the ~PD28C05to a 
minimum value, which varies with the system environ- 
ment. 


While internal automatic write cycles are being exe- 
cuted, any attempt to read data at the last externally 
supplied address location will result in inverted data on 
pin 1/07' For example, if write data = 1xxx XXXX, then 
read data = Oxxxxxxx. Once write cycles have finished 
executing, the execution of a subsequent read cycle will 
result in true data being output on 1/07. 


Write Protection Features 


Three features protect against invalid write cycles: 


- 
Noise immunity, where write operation is inhibited 
when the WE pulse width is 20 ns or less; 


- 
Supply voltage-level detection, where write opera- 
tion is inhibited when Vcc is 2.5 volts or less; and 


- Write protection logic, where write operation is 


inhibited if OE is held low or CE or WE is held high 
during power-on or off of the Vcc supply voltage. 


NEe 


LJL 


tOHL 


tOHC 


tOHO 


ttiEC 


Timing Waveforms 
(cant) 


Asynchronous 
Relld Cycle 


Nota: 


[lJ 
ALE = VIH- 


[2J Use IDFCifCE 
transitions 
to VIH before DE transitions to VIH- 


[3) Use IDFO if BE transitions 
10VIH before CE transitions 10VIH- 


LJL 


tOHA 


tOHC 


tOHO 


NEe 


Timing Waveforms 
(cant) 


WE-Controlled 
Write Cycle 


!/////~ 
~\\\\\\\ %~\\:1 


twp 
tWEH 
I 


[Note3J 
I, 


"""""- 


tDS_ 
tDH 


- 


XXXXXX 
Data Input Valid 
xx;~ 


Notes: 


[lJ 
The address 
inputs are latched at the falling edge of CE or WE, 


whichever 
occurs 
later. 


[2J The data inputs are latched at the rising edge of CE or WE, 


whichever 
occurs earlier. 


[3J Write operation 
requires 
both CE and WE to be at VIL. 


Parameter 
twp is defined 
only for the period when both 
CE and WE are atVIL. 


NEe 


Timing Waveforms (cont) 


CE-Controlled 
write Cycle 


I" 


Address 
~ 
~ddress 
Valid 
- 
!==tAS 


twc 
., 


~ 
tAH 


Notes: 


[1) The address 
inputs are latched at the falling edge of CE or WE, 


whichever 
occurs 
later. 


[21 The data inputs are latched at the rising edge of CE or WE, 


whichever 
occurs 
earlier. 


[31 Write operation 
requires 
both CE and WE to be at V Il. 


Parameter 
tcWis 
defined only for the period when both 
CE and WE are at Vil. 


Timing Waveforms (cant) 


Chip Erase Cycle 


CE 
.,1= 
~'" 


OE 
("O,,- 
-.",,"1 
IEWP 


WE 


VO 
poo- 
_."'"\ 


83IH·60238 
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pPD28C64 


8192 x a-Bit 


CMOS EEPROM 


Description 


The /-lPD28C64is a 65,536-bit electrically erasable and 
programmable read-only memory (EEPROM)organized 
as 8,192x 8 bits and fabricated with an advanced CMOS 
process for high performance and low power consump- 
tion. 


Operating from a single 
+S-volt 
power supply, the 


/-lPD28C64provides DATApolling function to indicate the 
precise end of write cycles. Additional features include 
chip erase, auto erase and programming, and 32-byte 
page write cycles. 


The /-lPD28C64 is available in standard 28-pin plastic 
DIP. 


Features 


o Single + S-volt power supply 
o Chip erase cycles 
o Auto erase and programming at 10 ms max 
o 32-byte page programming cycles 
o DATApolling verification 
o Low power dissipation 


- SOmA max (active) 
- 
100!4Amax (standby) 


o Endurance: 100,000erase/write cycles per byte 
o Silicon signature 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Advanced CMOStechnology 
o 28-pin plastic DIP packaging 


Part Number 


"PD2SC64G-20 


G-25 


Access 
Time (max) 


200 ns 


250 ns 


Package 


2S-pin plastic DIP 


Pin Configuration 


28-Pin Plastic DIP 


Pin Identification 


Symbol 


Ao-A12 


1/00 -I/Or 


CE 


OE 


Wi: 


GND 


vcc 
NC 


Function 


Address Inputs 


Data Inputs and outputs 


Chip enable 


Output 
enable 


Write enable 


Ground 


+5-volt 
power supply 


No connection 


NEe 


Absolute Maximum Ratings 


Supply voltage, VCC 


Input voltage, VIN 


Input voltage, 
(Ag) 


Input voltage, (0£:) 


Output 
voltage, VOUT 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTa 


-0.6 
to +7.0 V 


-0.6 
to +7.0 V 


-0.6 
to +13.5 V 


-0.6 
to +16.5 V 


-0.6 
to +7.0 V 


-10to 
+85°C 


- 65 to +lSOOC 


Capacitance 
TA = 25°C; I = 1 MHz; V1Nand VOUT = 0 V 


Parameter 
Symbol 
Mln 
Typ 


Input capacitance 
CI 
7 


Output 
capacitance 
Co 


Truth Table 


Function 
CE 
OE 
WE 
Input/Output 
lee 


Read 
VIL 
V1L 
V1H 
DoUT 
Active 


Standby 
and 
V1H 
X 
X 
Hlgh-Z 
Standby 


write Inhibit 


Write 
VIL 
VIH 
VIL 
DIN 
Active 


Chip erase 
VIL 
VIHH 
VIL 
DIN = VIH 
Active 


Write Inhibit 
X 
VIL 
X 


X 
X 
V1H 


Notes: 


(1) X can be either VIL or VIH. 


(2) VIHH = +15 V ± 0.5. 


Exposure to Absolute 
Maximum 
Ratings lor extended 
periods 
may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within 
the limits specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
UnIt 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, high 
VIH 
2.0 
Vcc 
+ 0.3 
V 


Input voltage, low 
VIL 
-0.3 
0.8 
V 


Operatl ng temperature 
TA 
0 
70 
°C 


vcc_ 
GND_ 


Control Logic 
and 
Timing Circuits 


NEe 


DC Characteristics 
TA = Oto 
+70"0;VCC. 
+5.0V± 
10'll> 


Parameter 
Symbol 


Output 
voltage, high 
__ 
V,_O_H_1 
_ 


VOH2 


VOL 


ILO 


Input leakage current 


Vcc 
current 
(active) 


ILl 


ICCA1 


ICCA2 


IC081 


IC082 


Mln 
Typ 
Max 
Unit 
Te,t 
Condition, 


2.4 
V 
IOH • 
-400 jlA 


Vcc-0.7 
V 
IOH • 
-100 jlA 


0.45 
V 
IOL· 
2.1 mA 


10 
jlA 
VOUT = OVto 
VCC; 


CEorOE· 
V1H 


10 
jlA 
VIN·OVtoVcC 


20 
mA 
CE • 
VIL; OE • 
VIH 


50 
mA 
f = 5 MHz; lOUT· 
OmA 


mA 
CE· 
VIH 


100 
jlA 
CE = VCC;VIN· 
OVtoVcc 


Output 
voltage, low 


Output 
leakage currant 


AC Characteristics 
TA = 0 to +70"0; 
Vcc 
= 
+5.0V:t 
10'll> 


"PD28C64-20 
"PD28C64-25 


Mln 
Max 
Mln 
Max 
Unit 
Te,t Ccndltlon, 


200 
250 
ns 
UE=OE=VIL 


200 
250 
ns 
OE = VIL 


10 
75 
10 
100 
ns 
~=VIL 


0 
60 
0 
60 
ns 
CE = VIL or OE = VIL 


0 
0 
ns 
~=OE=VIL 


Read Operation 


Address to output 
delay 


~ 
to output delay 


OE to output delay 


OE or CE high to output float 


Output 
hold from address, 
OE or CE, whichever 
transition 
occurs first 


t,ecc 


tCE 


tOE 


tOF 


tOH 


AC Characteristics 
(cant) 


TA = 0 to +70'0; 
Vcc 
= 
+5.0 V:t 
10'll> 


Parameter 
Symbol 


Write Operation 


Write cycie time 


Address setup time 


Address hold time 


Write setup time 


Write hold time 


CE pulse width 


OE: high setup time 


OE: high hold time 


WE pulse width 


WE high hold time 


twc 


tAS 


tAH 
tcs 


tCH 


tcw 


tOES 


tOEH 


twP 


tWPH 


Mln 
Max 
Unit 
Test Condition, 


10 
ms 


10 
ns 


200 
ns 


0 
ns 
1m 


0 
ns 


150 
ns 


10 
ns 


10 
ns 


150 
ns 


50 
ns 


t\'EC 


AC Characteristics 
(cent) 


Parameter 
Symbol 
Max 
Unit 
Test Conditions 


300 
ns 


ns 


ns 


100 
/,s 


ns 


ns 


ns 


ns 


ms 


I'S 


I'S 


Write Operation 


Data valid time 
tOIl 


Data setup time 
tDS 


Data hold time 
tDH 


Byte load cycle time 
taLC 


Chip Erase Operation 
rn;setup time 
tcs 
OE setup time 
tOES 


Data setup time 
tDS 


Data hold time 
tOH 


WE: pulse width 
twP 
rn; hold time 
tCH 


ITE hold time 
tCEH 


500 


500 


500 


100 


10 


5 


tCH + 3 


Notes: 


(1) See figure 1 for the output load. Input rise and fall times 
s 20 ns; 


Input pulse levels = 0.45 and 2.4 V; timing 
measurement 
refer- 
ence levels = 0.8 and 2.0 V for both Inputs and outputs. 


t-{EC 


Read Cycles 


Both CE and OE must both be at VIL in order to read 
stored data. While the device is executing read cycles, 
bringing either of these inputs to 
VIH will place the 


outputs 
in a state of high impedance. This two-line 


output control allows bus contention to be eliminated in 
the system application. 


Byte Write Cycles 


Low levels on CE and WE and a high level on OE place 
the /LPD28C64in write operation. Write address in~ 
are latched by the falling edge of either CE or WE, 
whichever occurs later. The data inputs are latched by 
the rising edge of either CE or WE, whichever occurs 
earlier. Once byte write operation has begun, the internal 
circuits assume all timing control. The byte being ad- 
dressed is automatically erased and then programmed. 
The operation completes within the write cycle time 
(twcl of 10 ms. 


Page Write Cycle 


This option allows the /LPD28C64 to be completely 
programmed in a much shorter time than is required 
using byte write cycles. The loading of up to 32 bytes of 
data before internal write cycles program all of these 
bytes simultaneously allows the /LPD28C64to be com- 
pletely written in a maximum of 2.6 seconds. The page 
address is specified by the inputs As through A12; once 
set, this address cannot be changed during a page write 
cycle. Within the page, address inputs Aothrough ~ can 
be used sequentially or in random order to specify 
individual bytes. 


The beginning of a page write cycle is the same as a 
WE-controlled byte write cycle. Ifthe next falling edge of 
WE occurs within a byte load cycle time of 100 /Ls, the 
internal byte load register will be loaded with another 
byte of input data. This cycle can be repeated to load a 
maximum of 32 bytes of data. At any point 
in the 


sequence, if WE does not have a newfalling edge within 
the byte load cycle time of 100 /Ls, byte load operation 
will terminate and automatic erasing and programming 
operations will begin. 


Chip Erase Cycles 


All bytes of the /LPD28C64can be erased simultaneously 
by making CE and WE fall to VIL after OE has been 
increased to VIHH (15 V ±0.5). The address inputs are 
"don't care," but the data inputs must all be driven to VIH 
before the chip erase cycle begins. 


DATA Polling Feature 


This feature supports system software by indicating the 
precise end of byte write and page write cycles. DATA 
polling can be used to reduce total programming time of 
the /LPD28C64to a minimum value, which varies with the 
system environment. 


While internal automatic write operation is in progress, 
any attempt to read data at the last externally supplied 
address location will result in inverted data on pin 1/07 
(for example, if write data = 1xxxxxxx, then read data = 
Oxxxxxxx). Once the write cycle is complete, a read cycle 
will result in true data being output on 1/07. 


Write Protection Features 


The /LPD28C64provides three features to prevent invalid 
write cycles. 


• 
Noise immunity, where write operation is inhibited 
when the WE pulse width is 20 ns or less. 


• Supply voltage level detection, where write operation 


is inhibited when Vcc is 2.5 V or less. 


• Write protection logic, where write operation is inhib- 


ited if OE is held low or CE or WE is held high during 
power on or off of the Vcc supply voltage. 
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Timing Waveforms 


Read Cycle 


.J.. X X X X 
xxxxx 


XXXXXXX 
Address Valid 
xxx 
xx 
I 
't't 


I '~I 


~,~OE~ 
[Note 1J 


Notes: 


[1J OE may ~ 
deiayed 
for read operation 
up to t ACC - tOE, 
after the failing 
edge of CE, without impact on tACC' 


[2J tOF is speclfled 
from OE or CE, whichever 
occur. 
flrst. 


ttiEC 


Timing waveforms 
(cant) 


WE-Controlled 
Write Cycle 


Notes: 


(1) The address Inputs are latched at the failing edge of CE 0( WE, 


whIchever 
OCCurS later. 


(2) The data Inputs are latched at the rising edge of CE or WE, 


whichever 
occurs earlier. 


[3J Write operation 
requires both CE and WE to be at V fl. 
~arneters 
twp 
and tcw 
Is defined only for the period when both 
CE and WE are atVll. 


Timing Waveforms (cent) 


CE-Controlled 
Write Cycle 


I'" 
twc 
.•, 


~_tAsAddressv_,,, 
.H~~ 


r:d 
'~1 


WE ~\\\'\~\\\%~7Ij~m"--'<;?""~!I/;~7A 


~-t=tDS-J~tDHj 
_ 


~~ 
_~________________ 
Data Input Valid 
~":«ItI#I#IIr-~~~~~~~""'''''''' 


Notes: 


[1J The address Inputs are latched at the failing edge of CE or WE, 
whichever 
occurs 
later. 


[2] The data inputs are latched at the rising edge of BE or WE, 


whichever 
occurs earlier. 


[3] Write operation requires both CE and WE to be at V IL. 


~ameters 
twpand 
tCWis defined only for the period when both 
CE and WE are at VIL' 


NEe 


//1// 


Address 
~ 
[Note4J 
X 
X 
C:X__X 
[NoteSJ 


va 
~~_[_:_y~_~d_O_J 
_X __ 
[B_V;_~_d'_J_X~ 
X::=X 
X 
__ [_la_~_~_~d_yt_eJ_rs", 
---- 


Notes: 


[1] The address 
Inputs are latched at the failing edge of CE or WE, 


whichever 
occurs 
later. 


[2) The data Inputs are latched at the rising edge of CE or WE, 


whichever 
occurs 
earlier. 


[3J Write operation 
requires both CE and WE to be at V fl. 
!"...-arameterstwp 
and tcware 
defined only for the period when both 
CE and WE are at Vil' 


[4J The page cannot be changed 
in the middle of a page 


write cycle. Address 
Inputs AS- 
A12 must be supplied for 
every 
byte load cycle and must remain 
the same 
throughout 


the page 
write cycle 
to prevent 
writing 
to an unknown 


address location. Address 
Inputs A 0- A 4are altered for each 


byte load cyde and determine 
the individual 
byte to be 


written 
within 
the page. 


[5) A maximum 
of 32 bytes may be loaded In a single page 


write cycle. 


ftt{EC 


Timing Waveforms 
(cant) 


Chip Erase Cycle 


NEe 
NEe Electronics 
Inc. 


pPD28C256 
32,768 x 8-Bit 


CMOS EEPROM 


Description 


The J.lPD28C256is a 262,144-bit electrically 
erasable 


and programmable read-only memory (EEPROM)orga- 
nized as 32,768 x 8 bits and fabricated 
with an ad- 


vanced CMOS process for high performance and low 
power consumption. 


Operating 
from a single + 5-volt power supply, the 


J.lPD28C256provides DATApolling and toggle bit func- 
tions to indicate the precise end of write cycles. Addi- 
tional features include software data protection, soft- 
ware chip erase, auto erase and programming, 
and 


64-byte page write operation 
using automatic 
write 


timing and internal address and data latches. 


The J.lPD28C256is available in standard 28-pin plastic 
DIP packaging. 


Features 


o Single + 5-volt power supply 
o Fast access time of 200 ns (max) 
o Software chip erase cycles 
o Auto erase and programming at 10 ms (max) 
o 64-byte page programming cycles 
o End of write detection 


-DATA 
polling 


- 
Toggle bit 


o Software data protection 
o Low power dissipation 


- 
50 mA max (active) 


-100 
J.lAmax (standby) 


o 10,000erase/write cycles per byte 
o Silicon signature included 
o Advanced CMOS technology 
o 28-pin plastic DIP packaging 


Part Number 


JlPD28C256CZ-20 


CZ-25 


Access 
Time (max) 


200 ns 


250 ns 


Package 


28-pin 
plastic 
DIP 


Pin Configuration 


2B-Pin Plastic DIP 


Pin Identification 


Symbol 


Ao-A14 


1/00 - I/O, 


CE 


OE 


WE 


GND 


vcc 


Function 


Address inputs 


Data inputs and outputs 


Chip enable 


Output 
enable 


Write enable 


Ground 


+ 5-volt power supply 


Absolute Maximum Ratings 


Supply voltage, 
V CC 


Input voltage, 
VIN 


Input voltage 
(Ag) 


Output 
voltage, 
VOUT 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


-0.6 to + 7.0 V 


-0.6 to Vcc 
+ 0.3 V 


-0.6 to + 13.5 V 


-0.6 to + 7.0 V 


-10 to +85°C 


-65 to + 125°C 


Exposure 
to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device 
reliability; 
exceeding 
the ratings 
could 
cause perma- 
nent 
damage. 
The 
device 
should 
be operated 
within 
the 
limits 


specified 
under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage, 
high 
VIH 
2.0 
Vcc+ 
0.3 
V 


Input voltage, 
low 
VIL 
-0.3 
0.8 
V 


Operating 
temperature 
TA 
0 
70 
°C 


ControlLogic 
and 
Timing Circuits 


Capacitance 
TA = 25°C; f = 1 MHz; VIN and VOUT = 0 V 


Parameter 
Symbol 
Mln 
Typ 


Input capacitance 
CI 


Output 
capacitance 
Co 


Truth Table 


Function 
CE 
OE 
WE 
InpUt/Output 
Ice 


Read 
VIL 
VIL 
VIH 
DOUT 
Active 


Standby 
and 
VIH 
X 
X 
High-Z 
Standby 


write 
inhibit 


Write 
VIL 
VIH 
VIL 
DIN 
Active 


Write Inhibit 
X 
VIL 
X 


X 
X 
V1H 


Notes: 


(1) X can be either VIL or VIH' 


DC Characteristics 
TA = 0 to +70"C; 
VCC = +5.0V 
± 10% 


Parameter 


Output 
voltage, 
high 


Symbol 


VOH1 


VOH2 


VOL 


'lO 


Min 


2.4 


VCC - 0.7 


Output 
voltage, 
low 


Output 
leakage current 


Input leekage current 


V CC current 
(active) 


III 


ICCA1 


ICCA2 


ICCS1 


ICCS2 


IOH = -400 pA 


IOH = -100pA 


IOl = 2.1 mA 


VOUT = OV to VCC; 
CE orOE = VIH 


V1N= 0 V to V CC 


CE = Vll; VIN = VIH 


f = 5 MHz; lOUT = 0 mA 


CE = VIH 


CE = VCC; VIN = 0 V to VCC 


Max 
Unit 
Test Conditions 


250 
ns 
CE = OE = Vil 


250 
ns 
OE = Vil 


100 
ns 
CE = VIL 


80 
ns 
CE = Vil or OE = Vil 


ns 
CE = OE = Vil 


AC Characteristics 
TA = 0 to +70"C; 
VCC = +5.0V 
± 10% 


"PD28C256-20 


Symbol 
Min 
Max 


tACC 
200 


tCE 
200 


tOE 
10 
75 


tOF 
0 
60 


tOH 
0 


"PD28C256-25 


Mln 


Read Operation 


Address to output 
delay 


CE to output 
delay 


OE to output 
delay 


OE or CE high to output float 


Output 
hold from address, 
OE or CE, whichever 
transition 
occurs first 


twc 
10 
10 
ms 


tAS 
10 
10 
ns 


tAH 
200 
200 
ns 


tcs 
0 
0 
ns 


tCH 
0 
0 
ns 


tcw 
150 
150 
ns 


tOES 
10 
10 
ns 
III 


tOEH 
50 
50 
ns 


twP 
150 
150 
ns 


tWPH 
2 
2 
liS 


tWEH 
9.9 
9.9 
ms 


tCEH 
9.9 
9.9 
ms 


tos 
100 
100 
ns 


tOH 
50 
50 
ns 


tSlC 
3 
100 
3 
100 
liS 


Write Operation 


Write cycle 1ime 


Address setup time 


Address hold time 


Write setup time 


Write hold time 


CE pulse width 


OE high setup time 


OE high hold time 


WE pulse width 


WE high pulse width 


WE high hold time 


CE high hold time 


Data setup time 


Data hold time 


Byte load cycle time 


t\'EC 


"PD28C256-20 
"PD28C256-25 


Mln 
Max 
Mln 
Max 
Unit 
Test Conditions 


500 
500 
ns 


10 
10 
ms 


20 
20 
Jis 


Parameter 
Symbol 


Software Chip Erase Operation 


CE setup time 
tECS 


WE pulse width 
tEWP 


CE hold time 
tECH 


Notes: 


(1) See figure 1 for the output load. Input rise and fall times :s 20 ns; 


input pulse levels = 0.45 and 2.4 V; timing 
measurement refer- 
ence levels = 0.8 and 2.0 V for both inputs and outputs. 


NEe 


Read Cycles 


Both CE and DE must be at VIL to enable stored data to 
be read. While the device is executing 
read cycles, 
bringing either of these inputs to VIH will place the 
outputs in high impedance. This two-line output con- 
trol 
allows bus contention 
to be eliminated 
in the 


system application. 


Byte Write Cycles 


Low levels on CE and WE and a high level on DE place 
the pPD28C256 in write operation. Write address inputs 
are latched by the falling edge of either CE or WE, 
whichever occurs later. Data in~s 
are latched by the 


rising edge of either CE or WE, whichever 
occurs 


earlier. Once byte write operation has begun, the inter- 
nal circuits 
assume all timing 
control 
and the byte 


being addressed 
is automatically 
erased and then 


programmed within the write cycle time (twd of 10ms. 


Page Write Cycles 


This option allows the pPD28C256 to be completely 
programmed in a much shorter time than is required by 
byte write cycles. Page write cycles can program up to 
64 bytes simultaneously, enabling thepPD28C256 to be 
completely written within a maximum of 5.2 seconds. 
The page address is specified by the inputs Aothrough 
A14; once set, this address cannot be changed. Within 
the page, address inputs""" 
through As can be used 


sequentially 
or in random order to specify individual 


bytes. 


The beginning of a page write cycle is the same as a 
WE-controlled 
byte write cycle. If the next falling edge 


of WE occurs within a byte load cycle time of 100ps, the 
internal byte register will be loaded with another byte of 
input data. This cycle can be repeated to load a maxi- 
mum of 64 bytes of data At any point in the sequence, 
if WE does not have a new falling edge within the cycle 
time of 100 ps, byte loading will terminate and auto- 
matic erasing and programming operations will begin. 


DATA Polling Feature 


This feature supports system software by indicating the 
precise end of byte write and page write cycles. DATA 
polling can be used to reduce total programming time 
of the pPD28C256 to a minimum value, which varies 
with the system environment. 


While internal automatic write operation is in progress, 
any attempt to read data at the last externally supplied 
address location will result in inverted data on pin 1/07 
(for example, if write data = 1xxx XXXX, then read data 
= OXxxxxxx). Once the write cycle is complete, a read 
cycle will result in true data being output on 1/07, 


Togg Ie Bit Feature 


The feature provides another method for indicating the 
end of write cycles. During the internal automatic write 
operation, 
I/Os will toggle from 0 to 1 and back on 


successive attempts to read data. When the write cycle 
is complete, the toggling stops; a read cycle results in 
true data being output on I/Os (figure 2). 


Harclware Data Protection 


The /JPD28C256 provides three features 
to prevent 


invalid write cycles: 


• 
Noise immunity, where write operation 
is inhibited 


when the WE pulse width is 20 ns or less. 


• Supply voltage level detection, where write opera- 


tion is inhibited when Vcc is 2.5 V or less. 


• Write protection logic, where write ~eration 
is in- 


hibited if DE is held low or CE or WE is held high 
during power on or off of the Vcc supply voltage. 


NEe 


Last External 


Write 
Cyde 


of 


WE --I 


Internal Write 


Operation 
Complete 


H 
\. 
L 
L 
L 
L 
L 
L 


(Input) 
~~~~~~~ 


(In~ut)r-~-~-~-~iY--~-~- 


Address ~~X_~X~n_C:X~X~X~_~ 


Notes: 


[1] The dashed 
portions of the output waveforms 
indicate 
high impedance. 


[2] Address 
n Is the address 
supplied 
in the last external 
write cycle. 
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Additional 
protection 
of data is available using soft- 
ware control. Standard, unprotected write cycles are 
illustrated 
in 
the 
timing 
waveforms. 
Additional 


software-controlled 
protection is enabled or reset with 


two special sequences of write cycles. To enable soft- 
ware data protection, 
or to execute additional 
write 


cycles after the pPD28C256 is in a protected state, use 
the address and data sequence shown in table 1. All 
three byte write cycles must be issued in sequence and 
must meet the timing illustrated 
in figure 3. 


Table 1. 
Sequence to Enable Software Data 
Protection 


Address 
Input (Hex) 


5555H 


2AAAH 


5555H 


Write Data (Hex) 


AAH 


55H 


AOH 


Under software 
protection, 
no write 
cycles will 
be 


executed unless preceded by the above sequence. The 
protection circuit is nonvolatile and continues to pro- 
tect the data during power-down and power-up. 
~L 
{} 


VO __ 
AA_H_--fX 
55H 
X 
AOH 
X 
VaJ~a:rlte X'-_--fX~_~x::x::x 


Address ::X~555~5H 
X-0~H 
X=555=~ X":\~L.X- 
~---'x==x==x:~ 


I C 
PageWriteeyCleS------~~I_ 
Software 
Protection 
Enabled 
[1] ThesoftwaresequenceIscompleteat theendofthefirstt we following 
allofthepagewritedataInputs(fromoneto64 bytes). 


[2] OEIsheldat a highlevel. 
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Table 2. 
Sequence to Disable Software Data 
Protection 


At the end of this sequence, and after a minimum delay 
of twc to reset the nonvolatile protection circuit, the 
pPD28C256 is in an unprotected state. Any standard 
write cycle can be executed as desired. In this state, 
the hardware features provide all data protection. 


To disable software protection 
for ease in testing or 
reprogramming of the pPD28C256, the byte reset se- 
quence shown in table 2 must be issued. The timing is 
illustrated 
in figure 4. 


Address 
Input 
(Hex) 


5555H 


2AAAH 


5555H 


5555H 


2AAAH 


5555H 


write 
Data (Hex) 


AAH 


55H 


80H 


AAH 


55H 


20H 
~L 
{} 


X;::X:;C 
-:x::=x 
IE 
~I~ 
Page Write 
Software 


Cycles 
Protection 
Inactive 
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Software 
Chip Erase Feature 


All bytes of the JjPD28C256 can be erased simulta- 
neously by making CE and then WEfall to VILusing the 
address and data sequence shown in table 3. The 
required timing is illustrated 
in figure 5. 


80H 
X 
AAH 


Address :x 
5555H 
X 
2AAAH 
X 
5555H 
X 
5555H 
X 
2AAAH 
X 
5555H 
~ 


Notes: 


[1J The software sequence Is complete at the end of tECH followJ!)gthe 


special address 
and data sequence 
and the erase pulse on WE. 


[2J OE must be held at a high level. 


Table 3. 
Sequence to Set Up Software Chip 
Erase 


Address 
Input (Hex) 
WrIte Data (Hex) 


5555H 
AAH 


2AAAH 
55H 


5555H 
80H 


5555H 
AAH 


2AAAH 
55H 


5555H 
10H 


X55HX10H~ 
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Timing Waveforms 


Read Cycle 


Notes: 


[1) OE may ~ 
delayed 
for read operation 
up to t ACC - tOE. after the failing 
edge of CE, without Impact on lACe. 


[21 tOF is specified 
from OE or CE. whichever 
occurs first. 


[3) WE -VIH. 
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Timing Waveforms (cont) 


WE-Controlled 
Write Cycle 


!/////j 
~\\\m\~~\J 


twp 
tWEH 
"I 


[Note3J 
I, 
'-- 
___ 
tDS __ 
tDH 


AX 
xx~ 
)I 
Data Input Valid 
V 


Notes: 


(1) The address 
Inputs are latched at the falling edge of CE or WE, 


whichever 
occurs 
later, 


(2) The data Inputs are latched at the rising edge of CE or WE, 


whichever 
occurs 
earlier. 


[3J Write operation 
requires both CE and WE to be at V IL" 
Parameters twpand 
teware 
defined only for the period when both 
CE and WE are at VIL" 
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Timing Waveforms 
(cont) 


CE-Controlled 
Write Cycle 


IE 


~ 
Address Valid 


- 
!==tAS 


[,:d 
'''1 


WE ~&\~\\\ 
Y~~I/j~/ 
//-:: 
..... 
0~71!~m 


_ 
t=tDS~k-tDHj_ 


~~~ 
Data Input Valid 
~.,:~~~~--~-~ 


Notes: 


[1J The address Inputs are latched at the failing edge of CE or WE, 


whichever 
occurs 
later. 


[2J The data inputs are latched at the rising edge of CE or WE, 


whichever 
occurs 
earlier. 


[3J Write operation 
requires both CE and WE to be at V IL' 


f!:rameters 
twpand 
teware 
defined 
only for the period when both 
CE and WE are at VIL, 


NEe 


Timing Waveforms (cant) 


Page Write Cycle 
/lJI} 


Address 
~ 
[Note4J 
X~_~X~_~X=:J<_~X 
[NoteSJ 


va ~ 
__[_~_~_~d_OJ_X 
__ 
IB_Vyt_ale_id_1J 
__ 
X 
X::=X~ 
~X_[L_a_~_~~_i~_te_J_rs,,----- 


Notes: 


[11 The address inputs are latched at the falling edge of CE or WE, 


whichever 
occurs later. 


[2] The data inputs are latched at the rising edge of CE or WE, 
whichever 
occurs earlier. 


[3] Write operation 
requires both CE and WE to be at V IL. 
~rameters 
twp 
and tcware 
defined only for the period when both 
CE and WE are at VIL. 


(4) The page cannot be changed in the middle ot a page 


write cycle. Address 
Inputs AS- 
A14 
must be supplied 
for 


every byte load cyde and must remain 
the same 
throughout 


the page write cycle to prevent writing to an unknown 
address 
location. 
Address 
inputs AO - AS are altered 
for each 


byte load cycle and determine 
the individual 
byte to be 


written within the page. 


[SJ A maximum 
of 64 bytes may be ioaded in a single page 


write cycle. 
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ED 
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Section 11 
Mask·Programmable 
ROMs 


/4PD23C1000A 
131,072 x 8-Bit 
Mask-Programmable 
CMOS ROM 


/4PD23C1000EA 
131,072 x 8-Bit 
Mask-Programmable 
CMOS ROM 


/4PD23C1 001 E 
131,072 x 8-Bit 
Mask-Programmable 
CMOS ROM 


/4PD23C1 01 OA 
131,072 x 8-Bit 
Mask-Programmable 
CMOS 
ROM 


/4PD23C1024E 
65,536 x 16-Bit 
Mask-Programmable 
CMOS 
ROM 


/4PD23C2000 
2,097,152-Bit 
Mask-Programmable 
CMOS ROM 


/4PD23C2000A 
2,097,152-Bit 
Mask-Programmable 
CMOS ROM 


/4PD23C2001 
262,144 x 8-Bit 
Mask-Programmable 
CMOS ROM 


/4PD23C4000 
4,194,304-Bit 
Mask-Programmable 
CMOS ROM 


/4PD23C4000A 
4,194,304-Bit 
Mask-Programmable 
CMOS ROM 


/4PD23C4001 E 
524,288 x 8-Bit 
Mask-Programmable 
CMOS ROM 


/4PD23C8000 
8,388,608-Bit 
Mask-Programmable 
CMOS ROM 


/4PD23C 8001 E 
1,048,576 x 8-Bit 
Mask-Programmable 
CMOS ROM 


/4PD23C16000 
16,777,216-Bit 
Mask-Programmable 
CMOS ROM 


Application Note 90-05 
ROM Code Submission 
Guide 


Mask-Programmable 
ROMs 


/lPD23C2001 E 


/lPD23C4001 EA 


/lPD23HC4oo1 
E 


256Kx 
8 bits 


512K x 8 bits 


512Kx 
8 bits 


New device, with speed of 200 ns 


New speed of 200 ns 


New device, with speed of 100 ns 


t-lEC 
NEe Electronics Inc. 


pPD23C1000A 
131,072 x a-Bit 


Mask-Programmable 
CMOS ROM 


Description 


The ~PD23C1000Ais a 131,072-word by 8-bit static ROM 
fabricated 
with 
CMOS silicon-gate 
technology 
and 


designed to operate from a single + 5-volt power supply. 
The device 
has three-state 
outputs 
and fully 
TTL- 


compatible Inputs and outputs, and is available in 28-pin 
plastic DIP or miniflat packaging. 


Features 


Cl 131,072-word by 8-bit organization 


Cl TTL-compatible inputs and outputs 


Cl Three-state outputs 


Cl Single +5-volt power supply 


Cl CMOS process technology 


Cl Fully static operation 


Cl Low power dissipation 


- 220 mW (active) 
- 
550 ~W (standby) 


Ordering Information 


Part Number 
Ace••• Tim. (max) 


"PD23Cl000AC 
200 ns 


"PD23Cl000AG 
200ns 


Package 


28-pln plastic DIP 


28-pln plastic mlnlflat 


Pin ConfIguration 


28-Pln PI•• tlc DIP or Minlfl.t 


Pin Identification 


Symbol 
Function 


Ac - Ale 
Address Inputs 


00 - ~ 
Data outputs 


"OE 
Chip enable 


GND 
Ground 


Vcc 
+S-volt power supply 


III 


ttlEC 


Absolute Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI 


Output voltage, Vo 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


-0.3 to +7.0 V 


-0.3 V to Vcc 
+ 0.3 V 


-0.3 V to Vcc 
+ 0.3 V 


-10 to +700C 


-65 to + 15O"C 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input voltage, high 
VIH 
2.2 
Vcc 
+ 0.3 
V 


Input voltage, low 
V1L 
-0.3 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
-10 
70 
·C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Capacitance 
TA = 25·C; f = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
UnIt 


Input capacitance 
CI 
15 
pF 


Output capacitance 
Co 
15 
pF 


NEe 


DC Characteristics 
TA = -10 to +70'C; 
Vcc = +5.0V 
±10'll> 


Parameter 
Symbol 


Output voltage, high 
VOH 


Output 
voltage, low 
VOL 


Input leakage current 
ILl 


Output 
leakage current 
ILO 


Power supply 
current 
ICCl 


ICC2 


ICC3 


Test Conditions 


IOH = -400 p.A 


IOL = +2.5mA 


VI = OVtoVCC 


Vo = 0 V to VCC; chip deselected 


'CE: = VIL 


'CE: = V1H(standby) 


'CE: '" VCC - 0.2 
(standby) 


AC Characteristics 
TA = -10 to +70'C; 
vcc 
= +5.0V 
±10'll> (Note 1) 


Parameter 
Symbol 
Mln 


Address access time 


Chip enable access time 


Output 
hold time 


Output 
disable time 


Notes: 


(1) Inputvottage 
rise and fall times = 20 ns; Input and output timing 


reference levels = 0.8 and 2.0 V; output 
load = 1 TTL + 100 pF. 


tACC 


tCE 


tOH 


tOF 


III 


ttiEC 


Address A 
A_dd_re_s_s V_aJ_ld 
_ 
- 
f--------t'ACC------- 


t-IEC 
NEe Electronics 
Inc. 


pPD23C1000EA 
131,072 x 8-Bit 


Mask-Programmable 
CMOS ROM 


Description 


The p.PD23C1000EAis a 131,072-word by a-bit static 
ROM fabricated 
with 
CMOS silicon-gate technology. 


Designed to operate from a single + 5-volt power supply, 
the 
device has three-state 
outputs 
and fUlly TTL- 


compatible inputs and outputs, and is packaged in a 
600-mil, 32-pin plastic DIP. 


Features 


o 131,072-wordby a-bit organization 
o Fast access time of 200 ns maximum 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single +5-volt power supply 
o CMOS process technology 
o FUlly static operation 
o Low power dissipation 


- 220 mW (active) 
- 550 p,W (standby) 


Ordering Information 


Part Number 


"PD23C'OOOEAC 


Access 
Time (max) 


200 ns 


Package 


32-pin plastic DIP 


Pin Configuration 


32-Pin Plastic 
DIP 


vcc 


OE2/0E2/DC 


0E3/0E3/DC 


A14 


A13 
As 


Ag 


All 


A16 


AlO 
CE 
°7 
°6 
°5 
°4 
°3 


Symbol 


Ao-A16 


00-07 
CE 


OE, 


0E2/OE2/DC 


OE~OE~DC 


GND 


Vcc 


NC 


Function 


Address inputs 


Data outputs 


Chip enable 


Output 
enable 1 


Output 
enable 2 (Note 1) 


Output 
enable 3 (Note 1) 


Ground 


+5-volt 
power supply 


No connection 


Notes: 


(1) This pin is user-definable 
as active 
low, active 
high, or "don't 


care" fin the cases of OE2/0EiDC 
and OE~OE3IDc). 
III 
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Absolute Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI 


Output 
voltage, Vo 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


-0.3 to +7.0 V 


-0.3 V to Vcc 
+ 0.3 V 


-0.3 V to Vcc 
+ 0.3 V 


-10 to +700C 


-65 to +150'C 


Exposure to Absolute 
Maximum 
Ratings lor extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input voltage, high 
VIH 
2.2 
Vcc 
+ 0.3 
V 


Input voltage, low 
VIL 
-0.3 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
-10 
70 
'C 


Capacitance 
TA = 25'C; 1= 
1 MHz 


Parameter 


Input capacitance 


Output capacitance 


Symbol 


CI 


Co 


Truth Table 


CE 
OE, 
0E2/OE2/DC 
OE:J!OE:J!DC 
Outputs 
Function 


VIH 
X 
X 
X 
High-Z 
Standby 


VIL 
VIH 
X 
X 
Hlgh·Z 
Active 


VIL 
X 
I 
X 
High-Z 
Active 


VIL 
X 
X 
I 
High-Z 
Active 


VIL 
VIL 
A 
A 
DOUT 
Read 


Notes: 


(1) I = Inactive 


(2) A = Active 


(3) X = "don~ care" 


0E1 


:;; 
DE Input 
] 


Memory Cell Matrix 
Buffer 
DE2 


131.072 x 8 
DE3 
X 


CE Input 
BE 
Buffer 


ttiEC 


DC Characteristics 
TA = -10 to +70·C;Vcc 
= +5.0V±10% 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Output voltage, high 
VOH 
2.4 
V 
IOH = -400 
p.A 


Output voltage, low 
VOL 
0.4 
V 
IOL = +2.5mA 


Input leakage current 
III 
-10 
10 
p.A 
VI = OVtoVcc 


Output 
leakage current 
ILO 
-10 
10 
p.A 
Vo = 0 V to Vcc; outputs 
disabled 


Power supply current 
ICC1 
40 
mA 
'CE = VIL (active) 


ICC2 
1.5 
mA 
'CE = VIH (standby) 


ICC3 
100 
p.A 
'CE l!: Vcc-0.2V 
(standby) 


AC Characteristics 
TA = -10 to + 70·C; VCC = +5.0 V ± 10% (Note 1) 


Parameter 
Symbol 
Mln 
Max 
Unit 
Test Conditions 


200 
ns 


200 
ns 


100 
ns 


ns 


60 
ns 


Address access time 


Chip enable access time 


Output 
enable access time 


Output 
hold time 


Output 
disable time 


Notes: 


(1) Input voltage rise and fall times = 20 ns; input and output timing 


reference levels = 0.8 and 2.0 V; output 
load = 1 TTL + 100 pF. 


tACC 


tCE 


tOE 


tOH 


tOF 
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Notes: 


[11 tOF is specifiedfromDE or CE, whicheverbecomesinactivefirst.Gct=== 
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Inc. 


pPD23C1001E 
131,072 x 8-Bit 


Mask-Programmable 
CMOS ROM 


Description 


The ",PD23C1001E is a 131,072-word by 8-bit static ROM 
fabricated with CMOS silicon-gate technology and de- 
signed to operate from a single + 5-volt power supply. 
The device has three-state 
outputs 
and fully 
TTL- 
compatible inputs and outputs, and is packaged in a 
600-mil, 32-pin plastic DIP. 


Features 


Cl 131,072-wordby 8-bit organization 


Cl Fast access time of 200 ns maximum 


Cl TTL-compatible inputs and outputs 


Cl Three-state outputs 


Cl Single +5-volt power supply 


Cl CMOS process technology 


Cl Fully static operation 


Cl Low power dissipation 
- 
220 mW (active) 
- 550 ",W (standby) 


Ordering Information 


Part Number 
Acee •• 
Time (max) 


"PD23Cl00l 
EC 
200 ns 


Package 


32-pln plastic DIP 


Pin Configuration 


32-Pin Pillstic DIP 


vec 
OEllOEllDC 
0E210E21DC 


A14 


A13 
As 
Ag 


All 
0E3 


Al0 
CE 
°7 
Os 
05 
°4 
°3 


Symbol 


"c-A1S, 
00-0, 
~ 


'OEl/OE1IDC 


'OE2/OE2IDC 


'OE3 


GND 


VCC 


NC 


Function 


Address inputs 


Data outputs 


Chip enable 


Output 
enable 1 (Note 1) 


Output 
enable 2 (Note 1) 


Output enable 3 


Ground 


+5-volt 
power supply 


No connection 


Notes: 


(1) This 
pin is user-definable 
as active 
low, active 
high, or "don't 


care" (in the cases of OE1/OE1/DC and OE2/OE2IDC). 
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Absolute Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI 


Output voltage, Vo 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


-0.3 to +7.0 V 


-0.3VtoVcc 
+ 0.3V 


-0.3 V to Vcc 
+ 0.3 V 


-tOto 
+70'0 


-65 to + 150'0 


Capacitance 
TA = 25'C; f = 1 MHz 


Parameter 


Input capacitance 


Output 
capacitance 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 
Truth Table 


affect device reliability; 
exceeding the ratings could cause permanent 
CE 
OE,/OE,/DC 
OE2/0E2/DC 
0E3 
Outputs 
Function 


damage. The device should 
be operated 
within 
the limits specified 
VIH 
X 
X 
X 
Hlgh-Z 
Standby 
under DC and AC Characteristics. 
V1L 
I 
X 
X 
Hlgh-Z 
Active 


Recommended Operating Conditions 
VIL 
X 
I 
X 
High-Z 
Active 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
VIL 
X 
X 
VIH 
Hlgh-Z 
Active 


Input voltage, high 
VIH 
2.2 
Vcc 
+ 0.3 
V 
VIL 
A 
A 
VIL 
DOUT 
Read 


Input voltage, low 
VIL 
-0.3 
0.8 
V 
Notes: 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 
(1) I = Inactive 


Ambient temperature 
TA 
-10 
70 
'0 
(2) A = Active 


(3) X = "donl 
care" 


AO 
A1 
A2 


A3 


A4 


As i 
A6 
CD 
A7 
" 
AS 
~ 
0 


Ag 
0~ 


Al0 


-0 
-0..: 


All 
A12 


A13 


A14 


A1S 
A16 


ttlEC 


DC Characteristics 
TA = -10to 
+70·C; vcc = +5.0V 
±10,*, 


Parameter 
Symbol 


Output voltage, high 
VOH 


Output voltage. low 
VOL 


Input leakage current 
ILl 


Output 
leakage current 
'LO 


Power supply current 
ICCI 
----------------------------------- 
__ IC_C_2 
_ 


ICC3 


Max 
Unit 
Test Conditions 


V 
IOH = -400 
,.A 


0.4 
V 
IOL = +2.5mA 


10 
p.A 
VI = OVtoVCC 


10 
p.A 
Vo = 0 V to VCC; outputs 
disabled 


40 
mA 
CE = VIL (active) 


1.5 
mA 
CE = VIH (standby) 


100 
,.A 
CE 
O!: VCC - 0.2 V (standby) 


AC Characteristics 
TA = -10to 
+70·C; vcc = +5.0V 
±10,*, (Note 1) 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Address access time 
tACC 
200 
ns 


Chip enable access time 
tCE 
200 
ns 


Output 
enable access time 
tOE 
100 
ns 


Output 
hold time 
tOH 
0 
ns 


Output 
disable time 
tOF 
0 
60 
ns 


Notes: 


(1) Input voltage rise and fall times = 20 ns; Input and output timing 


reference levels = 0.8 and 2.0 V; output 
load = 1 TTL + 100 pF. 
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Notes: 


(1) lDF is specified 
from OE or CE. whichever 
becomes inactive first. J=== 
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p.PD23C1010A 


131,072 x 8-Blt 


Mask-Programmable 
CMOS ROM 


Description 


The ",PD23C101OAis a 1,048,576-bitROMfabricated with 
CMOS silicon-gate technology. The device is static in 
operation and organized as 131,072words by 8 bits. It 
has three-state outputs. fully TTL-compatible inputs and 
outputs. and is available in a 28-pin plastic DIP. 


Features 


o 131,072words by 8-bit organization 
o Fast access time 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single +5-volt power supply 
o CMOS technology 
o Fully static operation 
o Low power dissipation of 220 mW 


Ordering Information 


Address 
Output Enable 
Access Time 
Access Time 


Part Number 
(maxl 
(maxl 


"PD23C1010AC 
200 ns 
100 ns 


Package 


28-pin plastic DIP 


Pin Configuration 


2B-Pin Plastic DIP 


Symbol 


Ao-A16 
00- 07 
OE 


GND 


Vcc 


Function 


Address Inputs 


Data outputs 


Output enable 


Ground 


+5-volt 
power supply 


III 
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Absolute Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI 


Output voltage, VA 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


-0.3 to +7.0 V 


-0.3 V to Vcc 
+ 0.3 V 


-0.3 V to Vcc 
+ 0.3 V 


-10to 
+70'C 


-65 to + 15O"C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated within 
the limits specified 
under DC and AC Characteristics. 


Capacitance 
TA = 25'C; f = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CI 
15 
pF 


Output capacitance 
Co 
15 
pF 


BE 


Ao 
A1 
A2 
A3 
A4 
As 
i!!" 
A6 
'§ 
A7 
'"S 
AS 
~ 
Ag 
"'~ 
AlO 
..,.., 


A" 
<l: 


A12 
A13 
A14 
A1S 
Ale 


Recommended 
Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
UnIt 


Input voltage, high 
VIH 
2.2 
Vcc 
+ 0.3 
V 


Input voltage, low 
VIL 
-0.3 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
-10 
70 
·C 


NEe 


DC Characteristics 
TA = -10 to +70'C; vcc 
= +5.0 V :1:10% 


Parameter 
Symbol 


Output voltage, high 
VOH 


Output voltage, low 
VOL 


Input leakage current, high 
IUH 


Input leakage current, low 
IUL 


Output leakage current, high 
ILOH 


Output leakage current, low 
ILOL 


Power supply current 
ICCl 


Mln 
Typ 
Max 
Unit 
Test Conditions 


2.4 
V 
IOH = -400 p.A 


0.4 
V 
IOL = +2.5 rnA 


10 
p.A 
VI = VCC 


-10 
p.A 
VI = OV 


10 
p.A 
Vo = VCC; output disabled 


-10 
p.A 
Vo = 0 V; output disabled 


40 
rnA 


AC Characteristics 
TA = -10 to +70'C; Vcc = +5.0V 
:1:10% 


Parameter 
Symbol 


Address access time 
tACC 


Output enable access time 
tOE 


Output hold time 
tOH 


Output disable time 
tDF 


Notes: 


(1) Input voltage rise and fall times = 20 ns; input and output timing 


reference levels = 0.8 and 2.0 V; output load = 1 TTL + 100pF. 
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pPD23C1024E 
65,536 x 16-Bit 


Mask-Programmable 
CMOS ROM 


Description 


The pPD23C1024E is a 65,536-word by 16-bit mask- 
programmable ROMfabricated with CMOSsilicon-gate 
technology 
and designed to operate 
from a single 


+ 5-volt power supply. The device has three-state out- 
puts and fully TTL-compatible inputs and outputs, and 
is packaged in a 600-mil, 40-pin plastic DIP. 


Features 


o 65,536-word by 16-bit organization 
o Fast access time: 200 ns maximum 
o TTL-compatible 
inputs and outputs 


o Three-state outputs 
o Single + 5-volt power supply 
o CMOS process technology 
o Fully static operation 
o Low power dissipation 


Access Time (max) 


200 ns 


Package 


40-pin plastic DIP 


NC 
GEt 


°15 


°14 


°13 


°12 
°11 


°10 


Og 


Os 
GND 
°7 
Os 
°5 
°4 
°3 
°2 
01 
°0 


OE110Et 


Pin Identification 


Symbol 


AD-A1S 


00- 
015 


eE1 


eE2/CE2/DC 


CE1/0E1 
CE2/0E2/DC 


GND 


VCC 


NC 


VCC 
GE:!'CE2'OC 


0E2/0E2/DC 


A1S 


A14 


A13 


A12 


All 
Al0 
Ag 
GND 


AS 


A7 
As 
As 


A4 


A3 


A2 
A1 
Ao 


Address inputs 


Data outputs 


Chip enable t 


Chip enable 2 (Note t) 


Output enable t 


Output enable 2 (Note 1) 


Ground 


+ 5-volt power supply 


No connection 


Notes: 


(1) This pin is user-definable 
as active low. active high, or "don1 


care." 
ED 
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Absolute Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI 


Output voltage, VA 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTO 


-0.3 to +7.0 V 


-0.3 V to Vcc 
+0.3 V 


-0.3 V to Vcc 
+0.3 V 


-10to 
+70"C 


-65 to + 150'C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


AO 
Q; 


Al 
"0 
0 
A2 
"" 
0 


A3 
>- 


A4 
As 


As 
~ 
A7 
OJ:; 


As 


Q. 
.E 


Ag 
~~ 


AlO 
~ 
"0 
All 
"" 


A12 


A13 


A14 


A1S 


Capacitance 
TA = 25'C; f = 1 MHz 


Parameter 


Input capacitance 


Output capacitance 


Symbol 


CI 


Co 


Recommended 
Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input voltage. high 
VIH 
2.2 
Vcc 
+ 0.3 
V 


Input voltage, low 
VIL 
-0.3 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient 
TA 
-10 
70 
'C 


temperature 


NEe 


Truth Table 
eE, 
CE2 


V1H 
X 


X 
Inactive 


V1L 
Active 


VIL 
Active 


VIL 
Active 


OE, 
0E2 
Function 


X 
X 
Not Selected 


X 
X 
Not Selected 


Inactive 
X 
Selected 


X 
Inactive 
Selected 


Active 
Active 
Read 


Outputs 
lee 


High-Z 
Standby 


High-Z 
Standby 


High-Z 
Active 


High-Z 
Active 


Data Output 
Active 


Notes: 


(1) X = don~ care. 


DC Characteristics 
TA = -10 to +70"C; vee 
= +5.0V 
±10% 


Parameter 
Symbol 
Mln 
Max 
Unit 
Test Conditions 


Output voltage, high 
VOH 
2.4 
V 
IOH = -400 /lA 


Output voltage, low 
VOL 
0.4 
V 
IOL = +2.5 rnA 


Input leakage current 
ILl 
-10 
10 
/lA 
VI = OVtoVee 


Output 
leakage current 
ILO 
-10 
10 
/lA 
Vo = 0 V to Vee (chip deselected) 


Power supply current 
ICCl 
40 
rnA 
CE, = VIL; CE2 = active (chip selected) 


ICC2 
1.5 
rnA 
CE, = VIH or CE2 = inactive 
(chip deselected) 


ICC3 
100 
/lA 
CE, •• Vce - 0.2 V; CE2 s 0.2 V QfCE2 Is 
programmed 
active high) or C~ 
•• VCC - 0.2 V 


QfCE2 Is programmed 
active low) 


AC Characteristics 
TA = -10 to +70"C; Vee = +5.0V 
±10% 


Parameter 
Symbol 
Mln 
Max 
Unit 
Test Conditions 


Address access time 
tACe 
200 
ns 


Chip enable access time 
teE 
200 
ns 


Output enable access time 
toE 
100 
ns 


Output 
hold time 
toH 
0 
ns 


Output disable time 
loF 
0 
70 
ns 


Notes: 


(1) Input voltage rise and fall times = 20 ns; Input and output timing 


reference levels = 0.8 V and 2.0 V; output load = 1 TTL + 100 pF. 


tt1EC 


Notes: 
[1] 'DF is specified 
from GE1. CE2. OE1. 0E2. whichever 
goes inactive first. 


[2] 
tCE is specified 
from GE 1 or CE 2. whichever 
goes active last. 


[3] 
tOEis 
specified 
from OE, 
or OE2. whichever 
goes active last. 
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pPD23C2000 
2,097,152-Bit 


Mask-Programmable 
CMOS ROM 


Description 


The p.PD23C2000is a 2,097,152-bitROMfabricated with 
CMOS silicon-gate technology. The device is static in 
operation and can be organized as 131,072words by 16 
bits (word configuration) or as 262,144words by 8 bits 
(byte configuration). In word configuration, pins 00- 0'5 
are active. In byte configuration, pin O,slA-, becomes 
the additional bit required to address 256K bytes. 


The p.PD23C2000 has three-state outputs, fully TTL- 
compatible inputs and outputs, and an output enable pin 
which is mask-programmable and can be specified as 
active low, active high, or don't care. The choice between 
word or byte configuration must also be specified for 
mask programming. 


The p.PD23C2000 is available in 40-pin plastic DIP or 
52-pin plastic quad flatpack packaging. 


Features 


o Programmable organization 


- 
131,072words by 16 bits (word) 


- 262,144words by 8 bits (byte) 


o Fast access time of 250 ns maximum 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single +5-volt power supply 
o CMOStechnology 
o Fully static operation 
o Low power dissipation 


- 220 mW (active) 
- 550 p.W(standby) 


o 40-pin plastic DIP or 52-pin plastic QFP packaging 


Access 


Time (max) 


250 ns 


Power 
Consumption 
(max) 


Active 
Standby 


40mA 
'OO!'A 


Package 


40-pin 
plastic DIP 


52-pin 
plastic QFP 


Pin Configurations 


4O-Pin Plastic DIP 


NC 
A] 


A6 
AS 


A4 


A3 


A2 
A, 
Ao 
CE 


GND 


OE/OEJDC 
°0 
°8 
°1 
°9 
°2 
°10 
°3 
0" 


NC 


NC 


A2 


Al 
Ao 
CE 


GND 
GND 


OE/OE/DC 
°0 
°8 
NC 
°1 


A8 


A9 


A,0 


A,l 


A 
' 
2 


A'3 


A 


' 
4 


A,S 


A'6 
NC 
GND 


O'S/A_, 
0] 


°14 
°6°,3 
°5 
°'2 
°4 
VCC 


NC 


A14 


A,S 


NC 


A16 


NC 
GND 
GND 


O'S/A_l 
0] 


NC 
0,4 
NC 
III 
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Truth Table 
Input voltage, high 
V1H 
2.2 
VCC + 0.3 


CE 
OE 
Function 
Output 
Ice 
Input voltage, low 
V1L 
-0.3 
0.8 


V1H 
Don't Care 
Not Selected 
High-Z 
Standby 
Supply voltage 
Vcc 
4.5 
5.0 
5.5 


V1L 
Inactive 
Not Selected 
High-Z 
Active 
Ambient temperature 
TA 
-10 
70 


V1L 
Active 
Read 
DOUT 
Active 


Block Diagram 


°0 . 
• °15 


AO 
A-l 
" 
" 
A1 
"0 
.0> 


0 
0 
A2 
" 
-' 
'" 
~ 
0 
A3 
,:. 
:> 
A4 
co 


AS 
OE 


A6 
A7 
~ 
Aa 
co 
" 
Ag 
:> 
"0 
~ 
8 
Memory Cell Matrix 


AlO 
~ 
'" 
262,144xa 
~ 
0 
or 
A11 
~ 
x 
131.072x 16 
A12 
"0 


~ 
< 
A13 
co 
CE 
A14 
:> 
"- 
A1S 


.E 


A16 


Absolute Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI 


Output 
voltage, Vo 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


-0.3 to +7.0 V 


-0.3 V to Vcc 
+ 0.3 V 


-0.3 V to Vcc 
+ 0.3 V 


-10 to +70'C 


-65 to + 150'C 


Exposure 10 Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be opera1ed within 
the limits specified 


under DC and AC Characteristics. 


Capacitance 
TA = 25'C; f = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
C1 
10 
pF 


Output 
capacitance 
Co 
15 
pF 


Symbol 


Ao-A16 
00-014 


°ls1A-l 


'CE 


OOOEIDC 


GND 


Vcc 


NC 


Function 


Address inputs 


Data outputs 


Output 
15 (word)/lSB 
address (byte) 


Chip enable 


Output 
enable (Note 1) 


Ground 


+5-volt 
power supply 


No connection 


Notes: 


(1) This pin is user-definable 
as active low, active high, or don't care. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


V 


V 


V 


'C 
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DC Characteristics 
TA = -1010 
+70·C; VCC = +5.0V 
±10% 


Parameter 


Output voltage, high 


Output 
voltage, low 


Input leakage current 


Output 
leakage current 


Power supply current 


Symbol 


VOH 


VOL 


III 


ILO 


ICCl 


ICC2 


ICC3 


Max 
Unit 
Test Conditions 


V 
IOH = -400 
",A 


0.4 
V 
IOL = 2.5mA 


10 
",A 
VI = OVto 
VCC 


10 
p.A 
Vo = 0 V to VCC; chip deselected 


40 
mA 
"CE = VIL 


1.5 
mA 
"CE = VIH (standby) 


100 
",A 
"CE ;" VCC - 0.2 V (standby) 


AC Characteristics 
TA = -10 to +70·C; VCC = +5.0 V ±10% 


Address access time 


Chip enable access time 


Output 
enable access time 


Output 
hold time 


Output 
disable time 


Symbol 


tACC 


tCE 


tOE 


tOH 


tDF 


Notes: 


(1) Input voltage rise and fall times = 20 ns; input and output timing 


reference levels = 0.8 and 2.0 V; output 
load = 1 TTL + 100 pF. 


10 
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MO." =4-.-- 
tA:_d~_re_ssv=alid==--=--~_"I_¥ 


CE 
I 


I 


Notes: 


[lJ tOF is specified from OE or CE, whichever occurs firsf. 


[2J For byte operation, 08- 
014 
are high impedance and 
01S/A 
-1 is the least significant 
address 
input. 


NEe 
NEe Electronics Inc. 


pPD23C2000A 


2,097,152-Bit 


Mask-Programmable 
CMOS ROM 


Description 


The ILPD23C2000A is a 2,097,152-bit ROM fabricated 
with CMOSsilicon-gate technology, This device is static 
in operation and can be organized as 131,072words by 
16bits (word configuration) or as 262,144words by 8 bits 
(byte configuration). In word configuration, pins 00 - 015 
are active. In byte configuration, pin 01s1A...1becomes 
the additional bit required to address 256K bytes. 


The ILPD23C2000Ahas three-state outputs, fully TTL- 
compatible inputs and outputs, and an output enable pin 
which is mask-programmable and can be specified as 
active high, active low, or don't care. The choice between 
word or byte configuration must also be specified for 
mask programming. 


The ILPD23C2000Ais available in a 40-pin plastic DIP. 


Features 


o Programmable organization 


-131,072 
words by 16 bits (word) 


- 262,144words by 8 bits (byte) 


o Fast access time of 175 ns maximum 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single + 5-volt power supply 
o CMOS technology 
o Fully static operation 
o Low power dissipation 


- 357,5 mW (active) 
- 550 ILW(standby) 


Ordering Information 


Access 
Time (max) 


175 ns 


200 ns 


Power 
Consumption 
(max) 


Active 
Standby 


65 mA 
100p.A 


Package 


40-pin 
plastic DIP 


p.PD23C2000AC-1 


p.PD23C2000AC 


Pin Configuration 


4O-Pin Plastic DIP 


NC 


A7 


A6 
AS 


A4 


A3 


A2 


A1 
AD 
CE 


GND 


OEJOE/DC 


°0 
°e 
°1 
Og 
°2 


°10 
°3 
°11 


Ae 
Ag 


Al0 


A11 


A12 


A13 


A14 


A1S 


A16 


NC 


GND 


°ls/A_1 
0] 


°14 
Os 


°13 
°5 


°12 
°4 
VCC 


Symbol 


Ao -A16 


00 -014 


01s!A_1 


CE 


OOOEJDC 


GND 


VCC 


NC 


Address inputs 


Data outputs 


Output 
15 (word)/LSB address (byte) 


Chip enable 


Output 
enable/don't 
care 


Ground 


+ s-volt power supply 


No connecti on 


ID 


NEe 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input voltage, high 
V1H 
2.2 
VCC + 0.3 
V 


Input voltage, low 
VIL 
-0.3 
0.8 
V 


Supply voltage 
VCC 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
-10 
70·C 


Absolute Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI 


Output 
voltage, Vo 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


-0.3 to +7.0 V 


-0.3 V to Vcc 
+ 0.3 V 


-0.3 V to Vcc 
+ 0.3 V 


-10 to +70·C 


-65 to + 150·C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


CE 
OE 
Function 
Output 


VIH 
Don't Care 
Not Selected 
High-Z 


VIL 
Inactive 
Not Selected 
High-Z 


V1L 
Active 
Read 
DOUT 


lee 
Capacitance 


Standby 
TA = 25·C; f = 1 MHz 


Active 
Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Active 
Input capacitance 
CI 
15 
pF 


Output capacitance 
Co 
15 
pF 


°0 . 
• 
°15 


Ao 
A_1 


:;; 
u 
A, 
~ 
8' 
A2 


...J 
0 
~ 
A3 
,:. 
" 
A4 
'" 


As 
OE 


A6 


A7 
~ 
AS 
"'" 
:;; 
:5 
Ag 
"- 
8 
Memory Cell Matrix 
.E 
A10 
l:l 
'" 
262,144 x S 
0 
A" 
~ 
x 
or 


"0 
131,072 x 16 
A'2 


"0 
~ 
« 
A13 
" 
CE 
'" 
A14 
""- 
A,S 


.E 


A16 


NEe 


DC Characteristics 
TA = -10to 
+70"C; vcc = 


Parameter 


Output voltage, high 


Output voltage, low 


Input leakage current 


Output leakage current 


Power supply current 


+5.0 V ±5% for "PD23C20ooA-1 and +5.0 V ±10% for "PD23C2000A 


Symbol 
Mln 
Typ 
Max 
Unit 


VOH 
2.4 
V 


~ 
M 
V 


III 
-10 
10 
"A 


ILO 
-10 
10 
I.A 
~ 
~ 
~ 


ICC2 
1.5 
mA 


ICC3 
100 
"A 


IOH = -400 "A 


IOL = 2.5mA 


VI = OVto 
VCC 


Vo = 0 V to Vcc; chip deselected 


CE = VIL 


CE = VIH (standby) 


CE "' Vcc - 0.2 V (standby) 


+5.0 V ±5% for "PD23C2000A-1 and +5.0 V ±10% for "PD23C2000A 


"PD23C2000A-1 
"PD23C2000A 


Symbol 
Min 
Typ 
Max 
Min 
Typ 
Max 
Unit 
Test Conditions 


tACC 
175 
200 
ns 


tCE 
175 
200 
ns 


tOE 
100 
100 
ns 


tOH 
0 
0 
ns 


tOF 
0 
60 
0 
60 
ns 


AC Characteristics 
TA = -10to 
+70"C; Vcc = 


Parameter 


Address access time 


Chip enable access time 


Output enable access lime 


Output hold lime 


Output disable lime 


Notes: 


(1) Input voltage rise and fall limes = 20 ns; input and output liming 


reference levels = 0.8 and 2.0 V; output load = 1 TTL + 100 pF. 


III 


NEe 


Address A.. 
A_d_d_re_S_S_V_al_ld 
_ 
- 
~-l(--------t'Acc--------~·1 


~I 


ffii=== 


Noles: 


(1) IDFls 
specified 
from OE or CE, whicl1ever occurs first. 


(2) For byte operation, 
08-014 
are high impedance 
and 
0lS/A-1 
is the least significant 
address Input. 


t-rEC 
NEe Electronics Inc. 


"PD23C2001 


262,144 x 8-Blt 


Mask-Programmable 
CMOS ROM 


Description 


The "PD23C2001 is a 262,144-word by a-bit static ROM 
fabricated 
with 
CMOS silicon-gate 
technology 
and 


designed to operate from a single + 5-volt power supply. 
The device has three-state 
outputs 
and fully 
TTL- 
compatible 
inputs and outputs and is packaged in a 


32-pin plastic DIP. 


Features 


o 262,144-wordby a bit organization 
o Fast access time of 250 ns maximum 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single +5-volt power supply 
o CMOStechnology 
o Fully static operation 
o Low power dissipation 


- 220 mW (active) 
- 550 "W (standby) 


Ordering Information 


Part Number 


"PD23C2001C 


Acce •• 
Time (max) 


250 ns 


Package 


32-pln plastic DIP 


Pin Configuration 


32-Pin PI•• tlc DIP 


VCC 
CE2/CE2/DC 


A17 


A14 


A13 
As 


Ag 


All 


OOOE/DC 


AlO 


CE1ICE1 
07 
°6 
°5 
°4 
°3 


Symbol 


Ao -A17 


Oo-~ 


CE1/CEl 


CE2/CE~C 


OOOEIDC 


GND 


VCC 


NC 


Function 


Address Inputs 


Data outputs 


Chip enable 1 (Note 1) 


Chip enable 2 (Note 1) 


Output 
enable (Note 1) 


Ground 


+5-voit 
power supply 


No connection 


Note.: 


(1) This 
pin Is user-definable 
as active 
low, active 
high, or "don1 


care" fin the cases of CE2ICE2IDC and OE/OEIDC). 


III 
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Absolute 
Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI 


Output voltage, Vo 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


-0.3 to +7.0 V 


-0.3 V to Vcc 
+ 0.3 V 


-0.3 V to Vcc 
+ 0.3 V 


-10 to +70'C 


-65 to + 150'C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 
affect device reliability; 
exceeding the ratings could cause permanent 
damage. The device should 
be operated 
within the limits specified 
under DC and AC Characteristics. 


Capacitance 
TA = 25'C; f = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
C1 
15 
pF 


Output capacitance 
Co 
15 
pF 


Recommended 
Operating 
Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input voltage, high 
V1H 
2.2 
Vcc 
+ 0.3 
V 


Input voltage, low 
V1L 
-0.3 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
-10 
70 
'C 


NEe 


DC Characteristics 
TA = -10 to +700C; VCC = +5.0V 
±10'l' 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Output voltage, high 
VOH 
2.4 
V 
IOH = -400 p.A 


Output voltage, low 
VOL 
0.4 
V 
IOL = +2.1 mA 


Input leakage current, 
high 
IUH 
10 
p.A 
VI = Vcc 


Input leakage current, 
low 
IUL 
-10 
p.A 
VI = OV 


Output 
leakage current, 
high 
ILOH 
10 
p.A 
Vo = Vcc 
(outputs disabled) 


Output 
leakage current, 
low 
ILOL 
-10 
p.A 
Vo = 0 V (outputs 
disabled) 


Power supply current 
ICCl 
40 
mA 
Both CE:1 and ~ 
Inactive 


ICC2 
1.5 
mA 
Either 'CE1 or 'CE2 Inactive ML' VIti! 


ICC3 
100 
p.A 
Either 'CE1 or 'CE2 Inactive 
(both 
:s 0.2 V or :. VCC - 0.2 V) 


AC Characteristics 
TA = -10 to + 700C; vcc 
= +5.0 V ± 10'l' (Note 1) 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test CondItIons 


Address access time 
tACC 
250 
ns 


Chip enable access time 
tCE 
250 
ns 


Output 
enable access time 
tOE 
110 
ns 


Output 
hold time 
tOH 
0 
ns 


Output disable time 
tOF 
0 
60 
ns 


Notes: 


(1) Input voltage rise and fall times = 20 ns; Input and output timing 


reference levels = 0.8 and 2.0 V; output 
load = 1 TTL + 100 pF. 


III 
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CE, 


CE2 


I 
«rt== 


Noles: 
1'1 tOF is specified from OE or CE, whichever occurs first. 


NEe 
NEe Electronics Inc. 


"PD23C4000 
4,194,304-Bit 


Mask-Programmable 
CMOS ROM 


Description 


The I£PD23C4000is a 4.194.304-bitROMfabricated with 
CMOS silicon-gate technology. The device is static in 
operation 
and 
has three-state 
outputs, 
fully 
TTL- 


compatible inputs and outputs, and an output enable pin 
which is mask-programmable and can be specified as 
active low, active high, or don't care. 


The I£PD23C4000can be hardware-configured as either 
256K x 16 bits or as 512K x 8 bits by tying the WORD/ 
BYTE pin high or low. respectively. In the word configu- 
ration, pins 00-015 are active. In the byte configuration. 
pin 01s1A_1 becomes the additional 
bit required to 


address 512K bytes. 


The I£PD23C4000is available in a 4O-pin plastic DIP and 
a 64-pin plastic QFP. 


Features 


o Programmable organization 


- 262,144words by 16 bits (word) 
- 524,288 words by 8 bits (byte) 


o Fast access time of 250 ns maximum 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single +5-volt power supply 
o CMOStechnology 
o Fully static operation 
o Low power dissipation 
o 40-pin plastic DIP or 64-pin plastic QFP packaging 


Part Number 


"PD23C4000C 


"PD23C4000GF 


Access 
Time (max) 


250 ns 


250 ns 


Package 


40-pln 
plastic DIP 


54-pin 
plastic QFP 


Pin Configurations 


4O-Pin Pillstic DIP 


A17 


A7 


A6 
AS 


A4 


A3 


A2 


Al 


AO 
CE 


GND 


DC/DE/DE 
°0 
Os 
°1 
Og 
°2 
°10 
°3 
°11 


°13 
°6 
NC 


°14 
°7 
°lS/A-l 


NC 


GND 


GND 
NC 


NC 


WORDIBYTE 


NC 


A16 


A1S 
A14 


A13 


A12 


NC 


AS 


Ag 


Al0 


Al1 


A12 


A13 


A14 


A1S 


A16 
WORD/BYTE 


GND 


°lS/A_l 
0] 


°14 
Os 


°13 
°5 
°12 
°4 
vcc 


Og 
°1 
Os 


°0 
NC 


OOOEIDC 


GND 


GND 


NC 


NC 


NC 
CE 


AO 


NC 


Al 


A2 


A3 


A4 


NC III 


NEe 


Pin Identification 


Symbol 


"'a-A17 


00-014 
°1s1A_1 


"CE 


OOOEJDC 


W:lrd/B"i"'FE 


GND 


Vcc 


NC 


Function 


Address Inputs 


Outputs 


Output 
15 (word)IlSB 
address (byte) 


Chip enable 


Output 
enable (Note 1) 


W:lrd/byte 
select Input 


Ground 


+5-volt 
power supply 


No connection 


Absolute Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI 


Output voltage, Vo 


Operating temperature, 
TOPR 


Storage temperature, 
TsrG 


-0.3 to +7.0 V 


-0.3 V to Vcc 
+ 0.3 V 


-0.3 V to Vcc 
+ 0.3 V 


-10 to +70"C 


-65 to +15O"C 


Exposure to Absolute 
Maximum 
Ratings lor extended 
periods may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
UnIt 


Input voltage, high 
VIH 
2.2 
Vcc 
+ 0.3 
V 


Input voltage, low 
V1L 
-0.3 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
-10 
70 
·C 


Notes: 


(1) This 
pin Is user definable 
as active low, active 
high, or "don't 
care." 


Capacitance 
TA = 25·C; I = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
C, 
15 
pF 


Output 
capacitance 
Co 
15 
pF 


AO 
A1 
A2 
A3 
A4 
A5 
A6 
~ 
A7 
CD 
A6 
5a. 


Ag 


.E 


'" 
A,o 
'"i!! 


A'1 


"C 
"C< 
A12 
A13 


A'4 
A15 
A16 
A17 


Memory Cell Matrix 
524,266x 6 
or 
262,144x 16 


NEe 
pPD23C4000 


DC Characteristics 
TA = -10 to +70'C; 
VCC = +5.0V 
±10% 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Output voltage, high 
VOH 
2.4 
V 
IOH = -400 p.A 


Output voltage, low 
VOL 
0.4 
V 
IOL = +2.5mA 


Input leakage current 
ILl 
-10 
10 
p.A 
VI = OVto 
VCC 


Output 
leakage current 
ILOH 
-10 
10 
p.A 
Vo = 0 V to Vcc; 
chip deselected 


Power supply current 
ICC1 
50 
mA 
CE = VIL 


ICC2 
1.5 
mA 
CE = VIH; chip deselected 


ICC3 
100 
p.A 
CE ~ VCC - 0.2 V; chip deselected 


AC Characteristics 
TA = -10 to +70'C; 
VCC = +5.0V 
±10% 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Address access time 
tACC 
250 
ns 


Chip enable access time 
tCE 
250 
ns 


Output 
enable access time 
tOE 
110 
ns 


Output 
hold time 
tOH 
0 
ns 


Output 
disable time 
tDF 
0 
70 
ns 


Output 
disable time for 
tHDF 
100 
ns 


08-015 referenced to 
WORD/BYTE 


Output 
enable access time 
tWB 
250 
ns 


referenced to WORD/BYTE 


Notes: 


(1) Input voltage rise and fall times = 20 ns; input and output timing 


reference levels = 0.8 and 2.0 V; output 
load = 1 TTL + 100 pF. 


tttlEC 


Timing Waveform 


ReBdCycle 


.~~ 
~_""o<--====-=-_t:c_d:_re_ss_va_lid 
~_1~r 


CE 


~I 
I 


Notes: 


[1J t DF Is specified from OE or CE, whichever becomes Inactive first. 


[2J When WORD/BYTE 
is low, 0S- 
014 are high impedance 
and pin 015' 
A_1 
becomes an additional address Input. 


[3) OE Is inactive at the beginning of a read cycle. 


l 


Notes: 


[1) CE ~ VIL' 


[2] OE Is active. 
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NEe Electronics Inc. 


/JPD23C4000A 


4,194,304-Bit 


Mask-Programmable 
CMOS ROM 


Description 


The j./PD23C4000A is a 4,194,304-bit ROM fabricated 
with CMOS silicon-gate technology. The device is static 
in operation 
and has three-state outputs, fully TTL- 


compatible inputs and outputs, and an output enable 
pin which is mask-programmable and can be specified 
as active low, active high, or don't care. 


The j./PD23C4000Acan be hardware-configured 
as ei- 


ther 256K x 16 bits or as 512K x 8 bits by tying the 
WORD/BYTE pin high or low, respectively. In the word 
configuration, 
pins 00-015 are active. In the byte con- 


figuration, 
pin 015!A_1 becomes the additional 
bit re- 


quired to address 512K bytes. 


The j./PD23C4000Ais available in a 40-pin plastic DIP. 


Features 


o Programmable organization 
-262,144 
words by 16 bits (word) 
- 
524,288 words by 8 bits (byte) 


o Fast access time of 200 ns maximum 
o TTL-compatible 
inputs and outputs 


o Three-state outputs 
o Single + 5-volt power supply 
o CMOS technology 
o Fully static operation 
o Low power dissipation 
o 40-pin plastic DIP packaging 


Ordering Information 


Part Number 


pPD23C4000AC 


Access 
Time (max) 


200 ns 


Package 


40-pin 
plastic 
DIP 


Pin Configuration 


4O-Pin Plastic DIP 


AU 


A7 
Aa 
AS 


A4 


A3 


A2 


A1 
Ao 
CE 


GND 


OEJOE/DC 
°0 
Os 
0, 
°9 
°2 
°'0°3 
°'1 


AS 


A9 


Al0 
Al' 


A12 


A13 


A14 


A1S 


Ala 


WORD/BYTE 


GND 
01S/A_l 
07 
°'4 
Os 


°13 
°5 
012 
°4 
Vcc 


III 
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Pin Identification 


Symbol 


Ao - A17 
00-014 


°1s1A-1 
cr 


OOOE/DC 


Vlbrd/BYfE 


GND 


Vcc 


Function 


Address inputs 


Outputs 


Output 
15 (word)/LSB address (byte) 


Chip enable 


Output 
enable/don1 care 


Vlbrd/byte 
selec1 input 


Ground 


+5-volt 
power supply 


Absolute Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI 


Output voltage, Vo 


Operating temperature, 
TOPA 


Storage temperature, 
TSTG 


-0.3 to +7.0 V 


-0.3 V to Vcc 
+ 0.3 V 


-0.3 V to Vcc 
+ 0.3 V 


-10to 
+70"C 


-65 to + 15O"C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits 
specified 


under DC and AC Characteristics. 


Recommended Operating Conditions 
Capacitance 
Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
TA = 25°C; f = 1 MHz 
Input voltage, high 
V1H 
2.2 
Vcc 
+ 0.3 
V 
Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Input voltage, low 
VIL 
-0.3 
0.8 
V 
Input capacitance 
C1 
15 
pF 
Supply voltage 
Vcc 
4.75 
5.0 
5.25 
V 
Output 
capacitance 
Co 
15 
pF 
Ambient temperature 
TA 
-10 
70 
°C 


°0 . 
. °15 


Ao 
A_1 
" 


<> 
Al 
8 
8' 
A2 
'" 


...J 


WOAD/BYTE 
0 
" 
A3 
,:. 
:= 
:> 
CD 
A4 


AS 
OE 


A6 
~ 
A7 
CD 


A6 
:> 


Ag 
~~ 
" 
A10 
~ 
Memory Cell Matrix 
i!! 
"0 
"0 
8 
524.266 x 6 
A11 
"0 
•. 
or 
"" 
0 


A12 
X 
262.144 x 16 
~ 
A13 
CD 
CE 


A14 
:> 


A15 
~ 


A16 
A17 


NEe 
JlPD23C4000A 


DC Characteristics 
TA = -10to 
+70°C; vcc 
= +5.0V 
±5% 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 
Test Conditions 


Output voltage, high 
VOH 
2.4 
V 
IOH = -400 p.A 


Output voltage, low 
VOL 
0.4 
V 
IOL = 2.5 mA 


Input leakage current, 
high 
IIH 
-10 
10 
p.A 
VI = 0 Vto 
Vcc 


Output 
leakage current, 
high 
IOH 
-10 
10 
p.A 
Vo = 0 V to Vcc; chip deselected 


Power supply current 
ICCt 
60 
mA 
m: = VIL 


ICC2 
1.5 
mA 
m: = V1H;chip deselected 


ICC3 
100 
p.A 
m: 2: VCC - 0.2 V; chip deselected 


AC Characteristics 
TA = -10 to +700C; vcc 
= +5.0V 
±5% 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 
Test Conditions 


Address access time 
tACC 
200 
ns 


Chip enable access time 
tCE 
200 
ns 


Output 
enable access time 
tOE 
100 
ns 


Output 
hold time 
tOH 
0 
ns 


Output disable time 
tOF 
0 
70 
ns 


WORD/BYTE output 
tHOF 
100 
ns 
disable time 


WORDIB'\'TE access time 
tWB 
200 
ns 


Notes: 


(1) Input voltage rise and fall times = 20 ns; input and output timing 
reference levels = 0.8 and 2.0 V; output load = 1 TTl 
+ 100 pF. 


ED 
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Notes: 


[11 tDF Is sped fledfrom OE or CE, whicheveroccurs first. 


[21 Inthe byte mode, 08 to 014 remain high impedance. 


l 
f---tACC 


Notes: 


[11CE=VIL· 


[21 OE Isactive. 
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NEe 
NEe Electronics 
Inc. 


pPD23C4001E 
524,288 x 8-Bit 


Mask-Programmable 
CMOS ROM 


Description 


The ~PD23C4001E isa 524,288-word by 8-bit static ROM 
fabricated 
with 
CMOS silicon-gate 
technology 
and 


designed to operate from a single +5-volt power supply. 
It has three-state outputs 
and fully TTL-compatible 


inputs and outputs, and is packaged in a 600-mil, 32-pin 
plastic DIP. 


The chip enable and output enable pins are mask- 
programmable as active low, active high or "don't care." 


Features 


o 524,288-word by 8-bit organization 
o Fast access time of 250 ns maximum 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single +5-volt power supply 
o CMOS process technology 
o Fully static operation 
o Low power dissipation 


- 
220 mW (active) 


- 550 ~W (standby) 


Ordering Information 


Part Number 


I'PD23C4001 EC 


I'PD23C4001 EGW 


Access 
Time (max) 


250 ns 


250 ns 


Package 


32-pln plastic 01P 


32-pin miniflat 


Pin Configuration 


32-Pin Plastic DIP and Miniflat 


CE2/CE2IDC 


A16 


A1S 


A12 


A7 


A6 
As 


A4 


A3 


A2 


Al 


AD 
00 


01 
02 


GND 


Pin Identification 


Symbol 


Ao-A1S 


°o-Or 


Q;1/CE1IDC 


Q;2/CE2IDC 


OOOE/DC 


GND 


VCC 


Vcc 


AIS 
A17 


A14 


A13 
As 
Ag 


All 


OEiOE/DC 


Al0 


CEl/CE,1DC 
°7 
°6 
Os 
04 
°3 


Function 


Address inputs 


Data outputs 


Chip enable lldon't care (Note 1) 


Chip enable 2/don't care (Note 1) 


Output 
enable (Note 1) 


Ground 


+5-volt 
power supply 


Notes: 


(1) This pin Is user-definable 
as active 
low, active 
high, or "don't 


care." 


III 


t-IEC 


Absolute Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI 


Output voltage, Vo 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


-0.3 to +7.0 V 


-0.3 V to Vcc 
+ 0.3 V 


-0.3 V to Vcc 
+ 0.3 V 


-10 to +70'C 


-65 to + 150'C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated 
within 
the limits specified 


under DC and AC Characteristics. 


Capacitance 
TA = 25'C; f = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CI 
15 
pF 


Output 
capacitance 
Co 
15 
pF 


AO 
A1 
A2 
A3 
A4 
A5 
A6 
i!! 


A7 
'"'"" 
A8 
CD 
5 
Ag 
a. 
oS 
A10 


V>~ 
A11 
..,.., 
A12 
.. 


A13 
A14 
A15 
A16 
A17 
A18 


Truth Table 


Function 
CE, 
CE2 
OE 
Outputs 


Standby 
I 
X 
X 
High-Z 


Standby 
X 
I 
X 
High-Z 


Active 
A 
A 
I 
High-Z 


Read 
A 
A 
A 
Data out 


Notes: 


(1) I = inactive. 


(2) A = active. 


(3) X = don1 care. 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input voltage, high 
VIH 
2.2 
Vcc 
+ 0.3 
V 


Input voltage, low 
VIL 
-0.3 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
-10 
70 
'C 


Q; 
OE Input 
OE 


15 
MemoryCell Matrix 
Buffer 
" 
524.288x 8 
8 
X 


CE, 


CE Input 
Buffer 


CE2 


t-IEC 


DC Characteristics 
TA = -10 to +70"C; 
VCC = +5.0V 
:1:10% 


Parameter 
Symbol 
Mln 
Typ 


Output 
voltage, high 
VOH 
2.4 


Output 
voltage, low 
VOL 


Input leakage current 
III 
-10 


Output 
leakage current 
ILO 
-10 


Power supply current 
ICCt 
------------------------------------- 
ICC2 


ICC3 


Max 
Unit 
Test Conditions 


V 
IOH = -400 ,.A 


0.4 
V 
IOL = +2.1 mA 


10 
,.A 
VI = OVto 
Vcc 


10 
,.A 
Vo = 0 V to VCC (outputs 
disabled) 


40 
mA 
Both CEt and CE2 active 


1.5 
mA 
Either CEt or CE2 Inactive; 
CE = V1H 


100 
,.A 
Either CEt or CE2 inactive 
(both s 0.2 V or •• Vcc - 0.2 V) 


AC Characteristics 
TA = -10to 
+70'C; 
vcc 
= +5.0V 
:1:10% (Note 1) 


Parameter 
Symbol 
Mln 
Max 
Unit 


250 
ns 


250 
ns 


110 
ns 


ns 


70 
ns 


Address access time 


Chip enable access time 


Output 
enable access time 


Output 
hold time 


Output 
disable time 


Notes: 


(1) Input voltage rise and fall times = 20 ns; Input and output timing 


reference levels = 0.8 and 2.0 V; output 
load = 1 TTL + 100 pF. 


(2) loF Is specified 
from OE or CE, whichever 
becomes inactive first. 


tACC 


tCE 


tOE 


tOH 


10 


tttlEC 


M'_=4=..=====-tA:-:_,e_ss_v_alid====-'-I-i 


CEl 


CE2 


·1 
I 


Notes: 


(1) 
tDFtS 
specified 
from OE or eE, whichever 
becomes 
inactive 
first. J=== 


I'PD23C8000 
8,388,608-Bit 


Mask-Programmable 
CMOS ROM 
NEe 
NEe Electronics Inc. 


Description 


The pPD23C8000 is a 8,388,608-bit ROMfabricated with 
CMOS silicon-gate technology. It is static in operation 
and has three-state outputs, fully TTL-compatible 
in- 


puts and outputs, and an output enable pin which is 
mask-programmable 
and can be specified 
as active 


high, active low, or don't care. 


ThepPD23C8000 can be hardware-configured 
as either 


512Kx 16bits or as 1M x 8 bits by tying the WORD/BYTE 
pin high or low, respectively. In the word configuration, 
pins 00-015 are active. In the byte configuration, 
pins 


00-07 
are active, pins 0S-014 
are high impedance, and 


pin 
015!A_1 
becomes the additional 
bit required to 


address 1M bytes. 


The pPD23C8000 is available in a 42-pin plastic DIP. 


Features 


NC 
As 
Ag 


A10 


A11 


A12 


A13 


A14 


A1S 


A1S 
WORD/BYTE 


GND 


°1S/A-1 
°7 
°14 
Os 


°13 
°5 
°12 
°4 
Vcc 


A1S 


A17 


A7 
As 
AS 


A4 


A3 


A2 


A1 
Ao 
CE 


GND 


OE/OEiDC 
°0 
Os 
°1 
Og 
°2 
°10 
°3 
°11 


o Programmable organization 


- 
524,288 words by 16 bits (word) 


-1,048,576 
words by 8 bits (byte) 


o Fast access time of 250 ns maximum 
o TTL-compatible 
inputs and outputs 


o Three-state outputs 
o Single + 5-volt power supply 
o CMOS technology 
o Fully static operation 
o Low power dissipation 
o 42-pin plastic DIP packaging 


Pin Identification 


Symbol 


Ao -A1S 


00 - 014 


015l'A_1 


CE 


Access 
Time (max) 
Package 
OE/OE/DC 


J.l_P_D_2_3_C_SO_0_OC_Z 
2_5_0_ns 
4_2_.p_in_pI_as_ti_c_D_IP 
WORD/BYTE 


GND 


VCC 


NC 


Address inputs 


Outputs 


Output 
15 (word)/LSB address (byte) 


Chip enable 


Output 
enable/donl 
care (Note t) 


Word/byte 
select 


Ground 
+ 5-volt power supply 


No connection 


Notes: 


(1) This pin is user-definable 
as active 
low, active 
high, or "donl III 


care." 


ttlEC 


Absolute Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI 


Output voltage, Vo 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


-0.3 to +7.0 V 


-0.3 V to Vcc 
+ 0.3 V 


-0.3 V to Vcc 
+ 0.3 V 


-10to 
+70'C 


-65 to + 150'C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


affect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated within 
the limits specified 


under DC and AC Characteristics. 


Capacitance 
TA = 25'C; f = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
CI 
15 
pF 


Output capacitance 
Co 
15 
pF 


Recommended Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input voltage, high 
VIH 
2.2 
Vcc 
+ 0.3 
V 


Input voltage, low 
VIL 
-0.3 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
-10 
70 
'C 


°0 . 
. °15 


Ao 
A-1 
:;; 
<J 


A1 
8 
8' 
A2 
.. 
...J 
WORD/BYTE 
0 
Q; 
A3 
,:. 


-= 
::l 
'" 
A4 
A5 
OE 


A6 
~ 
A7 
'" 
A8 
::l 


Ag 
~ 
'" 
:;; 
A10 
~ 
8 


Memory 
Cell Matrix 


Al1 
'0 
1,048,576x 8 
'0 
.. 
or 
< 
0 


A12 
X 
524,288x 16 


A13 
:;; 


A14 
'3 
CE 
'" 
A15 
::l 


A16 
~ 


A17 
A18 


NEe 


DC Characteristics 
TA = -10to 
+70'C; 
vcc 
= +5.0V 
±10% 


Parameter 
Symbol 
Mln 
Typ 


Output voltage, high 
VOH 
2.4 


VOH2 
Vcc-0.5 


Output voltage, low 
VOL 


Input leakage current 
III 
-10 


Output 
leakage current 
ILO 
-10 


Power supply current 
ICCl 


ICC2 


ICC3 


IOH = -400~ 


IOH = -100 /loA 


IOL = +2.1 mA 


VI = OVto 
VCC 


Vo = 0 V to VCC; chip deselected 


CE = V1L 


CE = VIH; chip deselecled 


CE ;" VCC - 0.2 V; chip deselected 


AC Characteristics 
TA = -10 to +70'C; 
vcc 
= +5.0 V ±10% 


Symbol 


tACC 


tCE 


tOE 


tOH 


tOF 


twe 


Address access time 


Chip enable access time 


Output 
enable access time 


Output 
hold time 


Output 
disable time 


Output 
enable access time 
referenced to WORD/BYTE 


Max 
Unit 
Test Conditions 


250 
ns 


250 
ns 


100 
ns 


ns 


70 
ns 


250 
ns 


Notes: 


(1) Input voltage rise and fall times = 20 ns; input and output timing 


reference levels = 0.8 and 2.0 V; output 
load = 1 TTL + 100 pF. 


III 


Timing Waveforms 


Read Cycle 


-I r 
~I 
I 


Active 


<Ei 


AO-A1S 
~ 
Address Valid 
A_l 
_~ 
_ 


.E---------tACC----------+ 


Notes: 


[1} tDFls 
specified 
from DE or CE, whichever 
becomes 
Inactive first. 


[2] When WORD/BYTE 
is low, 0S- 
014 are high impedance 


and pin 015' 
A_1 
becomes an additional address input. 


l 


Notes: 


[1] CE = VIL. 


[2] OE is active. 


NEe 
NEe Electronics Inc. 


IIPD23C8001E 


1,048,576 x 8-Bit 


Mask·Programmable 
CMOS ROM 


Description 


The pPD23C8001Eis a 1,084,576-wordby 8-bit ROM 
fabricated with CMOS silicon-gate technology and 
designed to operate from a single + 5-volt power 
supply. The device has three-state outputs, fully TTL- 
compatible inputs and outputs, and is available in 
32-pin plastic DIP and miniflat packaging. 


Features 


o 1,084,576-wordby 8-bit organization 
o Fast access time of 250 ns maximum 
o TTL-compatible inputs and outputs 
o Three-state outputs 
o Single + 5-volt power supply 
o CMOSprocess technology 
o Fully static operation 
o Low power dissipation 


-220 
mW (active) 
- 
550pW (standby) 


Ordering Information 


Access Time (max) 


250 ns 


250 ns 


Package 


32-pin plastic DIP 


32-pin plastic miniflat 


pPD23C8001 ECZ 


pPD23C8001 EGW 


A19 
Vcc 


A16 
A18 


A1S 
A17 


A12 
A14 


A7 
A13 


A6 
A8 


AS 
A9 


A4 
All 


A3 
OEtOEtDC 


A2 
A10 


A1 
CE 
AO 
07 
00 
06 
01 
05 
02 
04 


GND 
03 


Pin Identification 


Symbol 


Ao -A19 


00- 07 


CE 


OE/OE/DC 


GND 


VCC 


Address inputs 


Data outputs 


Chip enable 


Output enable/donl 
care (Note 1) 


Ground 


+ 5-volt power supply 


Notes: 


(1) This pin is user-definable 
as active low, active high, or "donl 


care." 


10 


NEe 


Absolute Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI 


Output voltage, Vo 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


Truth Table 


-0.3 to +7.0 V 
CE 
OEiOE/DC 
Function 
Outputs 


-0.3 V to Vcc 
+ 0.3 V 
V1H 
Don't care 
Standby 
High-Z 


-0.3 V to Vcc 
+ 0.3 V 
V1L 
Inactive 
Active 
High-Z 


-10to 
+70°C 
V1L 
Active 
Read 
DOUT 


-65 to + 150°C 
Recommended Operating Conditions 


Parameter 
Symbol 
Min 
Typ 
Max 
Unit 


Input voltage, high 
V1H 
2.2 
Vcc 
+ 0.3 
V 


Input voltage, low 
V1L 
-0.3 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
-to 
70 
°C 


Exposure 
to Absolute 
Maximum 
Ratings for extended 
periods 
may 


allect device reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated within 
the limits specified 
under DC and AC Characteristics. 


Capacitance 
TA = 25°C, I = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
C, 
15 
pF 


Output 
capacitance 
Co 
15 
pF 


NEe 


DC Characteristics 
TA = -10to 
+70"C; vcc 
= +5.0V 
±10% 


Parameter 
Symbol 
Min 


Output voltage, high 
VOH1 
2.4 


VOH2 
Vcc-0.5 


Output voltage, low 
VOL 


Input leakage current 
III 
-to 


Output 
leakage current 
ILO 
-10 


Power supply current 
ICC1 


ICC2 


ICC3 


IOH = -400 p.A 


IOH = -100 "A 


IOL = 2.1 mA 


VI = OVto 
VCC 


Vo = 0 V to VCC (chip deselected) 
cr = V1L 
cr = V1H 


CE « Vcc - 0.2 
(standby) 


AC Characteristics 
TA = -10to 
+70·C; vcc 
= +5.0V 
±10% 


Parameter 


Address access time 


Chip enable access time 


Output 
enable access time 


Output 
hold time 


Output 
disable time 


Symbol 


tAcc 


tCE 


tOE 


tOH 


tOF 


Notes: 


(1) Input voltage rise and fall times = 20 ns; input and output timing 


reference levels = 0.8 and 2.0 V; output 
load = 1 TTL + 100 pF. 


ID 


M'~ =;:.. 
================~_t_AA_cd_:~re~s~s~v 
__a_l_i_d~~~~~~~~~~~~_~_I _ 


CE 
~I 


Notes: 


[lJ tOFls 
specified 
from DE or GE, whichever 
becomes 
inactive first. <rd== 


NEe 
NEe Electronics Inc. 


I'PD23C16000 
16,777,216-Bit 


Mask-Programmable 
CMOS ROM 


Description 


The pPD23C16000 is a 16,777,216-bit ROM fabricated 
with CMOSsilicon-gate technology. The device is static 
in operation 
and has three-state 
outputs 
and fully 


TTL-compatible inputs and outputs. 


The pPD23C16000can be configured as either 1M x 16 
bits 
or 
as 
2M 
x 
8 
bits 
by 
tying 
the 
WORD/ 
BYTE pin high or low, respectively. In the word config- 
uration, pins 00 - 015 are active. In the byte configura- 
tion, pins 00 
- 07 are active, pins 08 
- 014 are high 


impedance, and pin 015!A_1 
becomes the additional bit 


required to address 2 Mbytes. 


The pPD23C16000 is available in a 42-pin plastic DIP. 


Features 


o User-selectable organization 


-1,048,576 
words by 16 bits (word) 


-2,097,152 words by 8 bits (byte) 


o Fast access time: 250 ns maximum 
o TTL-compatible 
inputs and outputs 


o Three-state outputs 
o Single +5-volt power supply 
o CMOS technology 
o Fully static operation 
o Low power dissipation 
o 42-pin plastic DIP packaging 


Access 
Time (max) 


250 ns 


Package 


42-pin plas1ic DIP 


Pin Identification 


Symbol 


Ao -A19 


00 - 014 


01s!A_1 


WORD/BY'fE 


CE 


DE 


GND 


Vcc 


A19 
As 


A9 


AlO 


All 


A12 


A13 


A14 


A1S 


A16 


WORD/BYTE 


GND 


°lS/A-l 
°7 
°14 
°6 
013 
Os 


°12 
°4 
vcc 


Address inputs 


Outputs 


Output 15 (word)/LSB address (byte) 


Word/byte selection 


Chip enable 


Output enable 


Ground 


+5-volt power supply 
III 


NEe 


Absolute 
Maximum Ratings 


Supply voltage, Vcc 


Input voltage, VI 


Output voltage, Vo 


Operating 
temperature, 
TOPR 


Storage temperature, 
TSTG 


-0.3 to +7.0 V 


-0.3 V to Vcc 
+0.3 V 


-0.3 V to Vcc 
+0.3 V 


-10to 
+70'C 


-65 to + 150'C 


Recommended 
Operating Conditions 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input voltage, high 
VIH 
2.2 
Vcc + 0.3 
V 


Input voltage, low 
V1L 
-0.3 
0.8 
V 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Ambient temperature 
TA 
-10 
70 
'C 


Exposure to Absolute 
Maximum 
Ratings for extended 
periods 
may 


altectdevice 
reliability; 
exceeding the ratings could cause permanent 


damage. The device should 
be operated within 
the limits 
specified 
under DC and AC Characteristics. 


Capacitance 
TA = 25'C; f = 1 MHz 


Parameter 
Symbol 
Mln 
Typ 
Max 
Unit 


Input capacitance 
C, 
15 
pF 


Output capacitance 
Co 
15 
pF 


AO 
Q; 


A1 
-0 
8 


A2 
" 
0 
A3 
,:. 


A4 


A5 
BE 


A6 


A7 
Q; 


== 


As 
" 
CD 


A9 
""- 
A,o 


oS 
00 
Q; 
Memory Cell Matrix 
All 
~ 
-0 
"8 
2.097,152x S 
A12 
-0 
" 
~ 
.. 
~ 
or 
,.04S.576x 16 
" 
CE 
A13 
X 
CD 


A14 
5 


A15 
~ 


A16 
An 


A1S 


A19 


NEe 


DC Characteristics 
TA = -10 to +70 ·C; Vee = +5.0 V ± 10~ 


Parameter 
Symbol 


Output voltage, high 
VOH 


Output voltage, low 
VOL 


Input leakage current 
III 


Output 
leakage current 
ILO 


Power supply current 
lee1 
------------------------------------ 
_1_C_C_2 
_ 


ICC3 


Mln 
Typ 
Max 
Unit 
Test Conditions 


2.4 
V 
IOH = -400 ,.A 


0.4 
V 
IOL = +3.2mA 


-10 
10 
,.A 
VI a OVto 
Vce 


-10 
10 
,.A 
Vo a 0 V to VCC; chip deselected 


50 
mA 
rn: = VIL 


1.5 
mA 
m: a V1H;chip deselected 


100 
,.A 
C'E = Vee - 0.2 V; chip deselected 


AC Characteristics 
TA = -10 to +70 ·C; Vee = +5.0 V ± 10~ 


Parameter 
Symbol 
Mln 
Typ 
Max 
UnIt 
Test Conditions 


250 
ns 


250 
ns 


100 
ns 


ns 


70 
ns 


250 
ns 


Address access time 


Chip enable access time 


Output enable access time 


Output 
hold time 


Output disable time 


Output 
enable access time 


referenced to WORD/BYTE 


Notes: 


(1) Input voltage rise and fall times - 20 ns; input and output timing 


reference levels = 0.8 V and 2.0 V; output load - 
1 TTL + 100 pF. 


CE 
OE 
WORD/iiYi'E 
Mode 
°o-Or 
Os - 014 
°1s!A_1 
lee 


VIH 
X 
X 
Not selected 
High-Z 
High-Z 
High-Z 
Standby 


V1L 
VIH 
X 
Output 
disable 
High-Z 
Hlgh-Z 
High-Z 
Active 


V1L 
V1L 
V1L 
Selected 
Data output 
High-Z 
LSB 
Active 


V1L 
VIL 
V1H 
Selected 
Data output 
Data output 
Data output 
Active 


(1) X = don~ care. 


(2) LSB = least significant 
bit of the address input 


NEe 


AO_A19~ 
A_1 
~---------------------- 
~..---tAcc----OI 


'''1 


Timing Waveforms 


ReBdCycle 


Notes: 


I1J tDF is specified 
from OE or CE, whichever 
occurs first. 


[2J When WORD/BYTE 
is low, 08-014 
are high impedance 


and pin 01stA-1 
becomes 
an additional 
address 
input. 


NEe 
NEe Electronics Inc. 
ROM Code Submission 
Guide 


Application 
Note 90 -05 


Introduction 


This application 
note provides guidelines for submit- 


ting the data files used by NEC to program semicus- 
tomized integrated 
circuits 
(a complete list of which 


appears in table 4). 


Where to Send Files 


Data files should be sent directly to Customer Market- 
ing, NEC Electronics, Mountain View, California 


Acceptable Media 


NEC accepts data from the following: 


o In programmable ICs such as NEC's pPD27C2000 


UV EPROMor pPD75P308 programmable 4-bit 
microprocessor 


o On floppy diskette in MS-DOS®or PC-DOS® 
formats 


- 
5-1/4 inch disk (either 360K or 1.2 Mbyte) 


- 
3-1/2 inch disk (either 360K, 720K or 1.44 Mbyte) 


o Via modem over the telephone lines 


- 
At 300 to 9600 bps 


- 
With 8 data bits, no parity, 1 stop bit 


- 
Using XMODEM,YMODEM or KERMIT protocol 


When opting 
for modem transmittal, 
call Customer 


Marketing 
for the appropriate 
engineering 
contact, 


dial-up number, and hours of availability. 


Minimum Requirements 


Anyone 
of the means described 
above may be se- 


lected, but NECrequires multiple copies of every file, as 
well as device-specific information 
such as chip type, 


package type and package lead type. 


o A minimum of two copies of the chosen media 


must be submitted. Three copies are preferred, as 
this lessens the problems caused when one copy 
is flawed. Please note that for modem transfers, 
the file must be transmitted twice to NEC and 
retransmitted twice from NEC back to you. 


o Unless submitted by means of programmable ICs, 


data files must be in Intel'· hexadecimal or 
extended hexadecimal format. 


o Source code or the executable binary of a data file 


may be submitted but is not required. 


o Files taken from or read from previously built ICs, 


even those produced for you by NEC, will not be 
accepted. 


Taking Precautions 


NEC assumes no responsibility 
for data bits within a 


target device's programmable area, and it is therefore 
imperative that you define all bits within the possible 
range of addresses. FOrexample, if programmable area 
is 128Kx 8 bits, and your data file defines only the first 
64K x 8 bits, there is no way for NEC to know how to 
program the remaining 64K. 


Furthermore, if your programming equipment was left 
with random data in its memory from a previous oper- 
ation, valid data would be built into the first half of the 
programmable area and garbage data into the second 
half-causing 
unforeseen and possibly very expensive 


problems in the final design. Blank space must be 
defined as either all Osor all 1s, or as binary NOP, in 
which case the binary code for an NOP instruction 
needs to be specified. 
m 
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What You Can Expect from NEC 


After the media or devices have been received by NEC, 
the copies will be compared to ensure they match 
(customers whose files don't match will be contacted 
by Customer Marketing). NEC will then duplicate the 
media and return the following for verification: 


o One copy of the original media 


o One copy of NEC's duplicate media 


o A hard copy listing of the data files (for target 
devices with less than 512K, i.e., 64K x 8, of ROM) 


o Two floppy diskettes containing those data files 
transmitted via modem 


o A ROM Code Verification R:Jrm,which must be 
signed and returned before any devices can be 
built 


Upon receipt of the signed verification 
form, NEC will 


produce ten engineering samples for testing and ap- 
proval prior to building and shipping the entire order. 
Data files are kept in archival storage for two years 
(more than two years is not guaranteed) in one or more 
of the following formats: 


o In one originallC 
and one NEC duplicate IC, if 
programmable ICs were initially submitted 


o In a hard-copy listing of the hexadecimal file 


o In electronic storage using either magnetic or 
optical media (Write Once Read Many, i.e., WORM, 
disk) 


Please note that 
IC masks will be stored at NEC's 
manufacturing 
facility for only one year after the last 
order is received. 


Peculiar Addressing 


Although addresses are usually contiguous, e.g., from 
000016to a maximum, these devices require special 
consideration. 


",PD77P20, ",PD7720, ",PD77C20. The first two loca- 
tions of data ROM cannot be used in these devices. In 
the pPD77P20, addresses 016and 116must be left blank. 
(In UV EPROMs,addresses 80016and 80516must be left 
blank.) 


",PD70322/332 (V2S'· and V3S'"). 
Addresses FF0016 


through 
FFEF16 and FFF816 through 
FFFF16 are re- 


served for IC testing purposes by the factory and may 
not be used. 


",PD7S104 - ",PD7SS16<I-lPD7Sxxx-Series).Special re- 
quirements for these devices are shown below. 


Last Address 


177F16 


1F7F16 


1F7F16 


3F7F16 


1F7F16 


3F7F16 


~PD75106 


~PD75108 


~PD75208 


~PD75216 


~PD75308 


~PD75316 


000016 


000016 


000016 


000016 


000016 


000016 


ROMs with 
16-Bit Data Buses. Data submitted 
for 


these ROMs in devices with 8-bit data buses should be 
organized this way. 


Sequence 


Device #1 


Device #2 


Device #3 


Device #4 


Outputs 
°o-~ 
°0" °7 


°8-°15 


°8" °15 


00000 - OFFFF 


10000" 1FFFF 


00000" 
OFFFF 


10000 - 1FFFF 


Data submitted from a 16-bit data bus device would be 
handled similarly. 


Table3. 
Sequence for t~Bit Data Bus Devices 


Sequence 
Addresses 
Outputs 


00000 - OFFFF 


10000" 1FFFF 


In both cases, segments corresponding 
to the lower 


data outputs are submitted first, a pattern that should 
be followed for larger devices as well. Please be aware 
that NEC has no way of identifying the sequential order 
of individual segments if they're submitted in incorrect 
order. 


Refer to the section entitled ORGANIZING 16-BIT DE- 
VICE DATAINTO HEX FORMATfor more detailed infor- 
mation about these requirements. 
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Part Number(s) 


ROMs 


IlPD23C1000A 


IlPD23C1000EA 


IlPD23C1001 E 


IlPD23C1010A 


IlPD23C1024E 


IlPD23C2000 


UPD23C2000A 


IlPD23C2001 


IlPD23C4000 


IlPD23C4000A 


IlPD23C4001 
E 


IlPD23C8000 


IlPD23C8001 
E 


IlPD23C16000 


Description 


CMOS ROM 


131,072 x 8 bits 


131,072 x 8 bits 


131,072 x 8 bits 


131,072 x 8 bits 


65,536 x 16 bits 


262,144 x 8 bits 
or 131,072 x 16 bits 


262,144 x 8 bits or 131,072 x 16 bits 


262,144 x 8 bits 


524,288 x 8 bits or 262,144 x 16 bits 


524,288 x 8 bits or 262,144 x 16 bits 


524,288 x 8 bits 


1,048,576 x 8 bits or 524,288 x 16 bits 


1,048,576 x 8 bi1s 


2,097,152 x 8 bits or 1,048,576 x 16 bits 


4·8it 
Microcomputers 


IlPD7502 


IlPD7503 


IlPD7507H 


IlPD7508H 


IlPD7514 


IlPD7527A 


IlPD7528NCG28E 


IlPD7533/CG33E 


IlPD7537A 


IlPD7538NCG38E 


IlPD7554/64 


IlPD7556/66 


IlPD75004/104/304 


IlP D75006/1 06/206/306 


IlPD75008/108/208/308 


IlPD75112/212N312 


IlPD75116/216N316 


IlPD75328 


IlPD75402 


IlPD75516 


2,048 x 8 bits 


4,096 x 8 bits 


2,048 x 8 bits 


4,096 x 8 bi1s 


4,096 x 8 bits 


2,048 x 8 bits 


4,096 x 8 bi1s 


4,096 x 8 bits 


2,048 x 8 bits 


4,096 x 8 bits 


1,024 x 8 bits 


1,024 x 8 bits 


4,096 bits 


6,144 bits 


8,192 bits 


12,288 bits 


16,384 bits 


8,192 bits 


2,048 bits 


16,384 bits 


177F16 


1F7F16 


2F7F16 


3F7FF16 


1F7F16 


F7F16 


3F7F16 
m 


Table 4. 
Applicable Device Types (cont) 


Part Number(s) 
Description 
Organization 
Last Address 


8·Bit Microcomputers 
pC with ROM memory 


pPD7810/11 
4,096 x 8 bits 


pPD78C11A 
4,096 x 8 bits 


pPD78Cl2A 
8,192 x 8 bits 


pPD78C14 
16,384 x 8 bits 


pPD7821x-Series 
16,384 x 8 bits 


pPD7822x-Series 
16,384 x 8 bits 


pPD7823x-Series 
16,384 x 8 bits 


pPD78312A 
8,192 x 8 bits 


pPD78322 
16,384 x 8 bits 


Digita/ Signal Processors 


pPD7720A/C20A 
Instruction 
ROM 
512 x 23 bits 


Data ROM 
510 x 13 bits 


pPD77C25 
Instruction 
ROM 
2,048 x 24 bits 


Data ROM 
1,024 x 16 bits 


.pPD77220/230 
Instruction 
ROM 
2,048 x 24 bits 


Data ROM 
1,024 x 24 bits 


pPD77810 
Instruction 
ROM 
2,048 x 24 bits 


Data ROM 
1,024 x 16 bits 


pPD7755 
ROM memory 
98,304 bits 


pPD7756 
ROM memory 
262,144 bits 


pPD7757 
ROM memory 
524,288 bits 
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Intel's hexadecimal format allows addressing of up to 
512 kbits of data, or 64K x 8 bits (000016through 
FFFF16). Data records larger than 64K x 8 must be 
expressed in multiple segments, with each individually 
addressed segment equal to or smaller than 64K x 8. 


Each byte of data must be expressed as a printable 
ASCII character, and each line must contain these 
elements: 


o A colon to begin each line 


o A two-character data word count for the line 


o A four-character address of the first word of data 


o A two-character 
record type identifier, e.g., 00, 01, 


02 for data, end of file, segment address 


o The data words 


o A two-character 
line checksum at the end of each 


line 


Table 7. 
sample Hexadecimal Addressing 


Coded 
Segment 


:100000007F7F7F7F7F7F7 
E7 D7B797 878787 
A 7 D2C 


:10FFFOOOFFFFFF FFFFFF FF FFFF FFF FFF FFFFF11 


:020000021000EC 


:10 0 0 0 00 07F 7F 7F7F 7F 7E7E7D7B 7A797877797B 7F2C 


:10FFFOOOFFFF FF FFFFFF FFFFFF FF FFFFFFFFF11 


:00000001 FF 


For example, a line showing the "End of File" record 
would be formatted 
as :00000001FF, while a typical 


data line would be constructed 
this way: 


:WWAAAATTDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDCC 


Description 


Beginning 
of line 


Data word count 
WW 


AAAA 


TT 


D...D 
CC 


Address of the first data word 


Record type 


Data words 


Checksum 


Description 


Data follows 


End of file 


Begin new 64K x 8 data segment 


Table 7 shows an address shift from one 32K x 8 
segment to the next segment in hexadecimal format. 


Instruction 


Begin first segment 


End first segment 


Second segment 
record 


Begin second segment 


End second segment 


End of file record 


m 
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The following examples illustrate 
how 16-bit devices 
may be organized into 8-bit hexadecimal format. 


When ordering 
the 64K x 16-Bit pPD23C1024, it is 
recommended that data files be submitted in devices 
such as the 64K x 16-Bit pPD27C1024because there's a 
one-to-one 
match of addresses, device outputs, and 
data 
word 
length. 
Data 
files 
submitted 
in 
two 
pPD27C512 64K x 8 EPROMs,for example, would have 
to be organized in this sequence. 


Table 8. 
Sequence of Two 64K x 16-Bit Devices 


"PD27C512 
Addresses 
Data Outputs 


Device #1 


Device #2 


000016- FFFF16 


000016- FFFF16 


If data is submitted in four 32K x 8-bit devices such as 
the pPD27C256, then the following would apply. 


Table 9. 
Sequence of Four 32K x 8-Bit Devices 


"PD27C256 
Addresses 
Data Outputs 


Device #1 
000016- 7FFF16 
Oo-~ 


Device #2 
800016- FFFF16 
°0-°7 


Device #3 
000016- 7FFF16 
0a- 
015 


Device #4 
800016- FFFF16 
°a-015 


When ordering the 128K x 16 pPD23C2000, data files 
submitted 
in two 128K x 8-bit EPROMs such as the 
pPD27C1001should be organized as shown in table 10. 


"PD27C1001 


Device #1 


Device #2 


Data Outputs 


°0-°7 


°8-°15 


000016- 1FFFF16 


000016- 1FFFF16 


Data files submitted in four 64K x 8-bit pPD27C512 
devices would require this sequence. 


Data Outputs 


00- 
07 


°0-°7 


08- 
015 


08- 
015 


0000016- OFFFF16 


1000016- 1FFFF16 


0000016- OFFFF16 


1000016-lFFFF16 


Device #2 


Device #3 


Device #4 


When ordering 
the 256K x 16-bit pPD23C4000, data 
submitted 
in four 64K x 16-bit devices such as the 
pPD27C1024 EPROMshould be organized as shown in 
table 12. 


"PD27C1024 


Device #1 


Data Outputs 


°0-°15 


°0-°15 
°0-°15 


°0-°15 


0000016- OFFFF16 


1000016- 1FFFF16 


2000016- 2FFFF16 


3000016- 3FFFF16 


If eight 64K x 8-bit devices such as the pPD27C512 are 
being used, the following applies. 


Table 13. 
Sequence of Eight 64Kx 8-BitDevices 


"PD27C512 
Addresses 
Data Outputs 


Device #1 
0000016- OFFFF16 
°0-°7 


Device #2 
0000016- OFFFF16 
°8-°15 


Device #3 
1000016-lFFFF16 
°O-~ 


Device #4 
1000016-lFFFF16 
°8-°15 


Device #5 
2000016- 2FFFF16 
OO-~ 


Device #6 
2000016- 2FFFF16 
°8-°15 


Device #7 
3000016- 3FFFF16 
Oo-~ 


Device #8 
3000016- 3FFFF16 
°8-°15 


t\'EC 


Section 12 
Packaging Information 


Device/Package 
Cross 
Reference 


15-Pin Package 


18-Pin Packages 


20-Pin 
Packages 


22-Pin Packages 


24-Pin Packages 


25/20·Pin 
Packages 


28-Pin 
Packages 


3D-Pin Packages 


32-Pin Packages 


40-Pin 
Packages 


42-Pin Packages 


52-Pin Package 


50-Pin 
Package 


54-Pin Package 


72-Pin Packages 


12-1 


12-6 


12-6 


12-8 


12-10 


12-12 


12-19 


12-20 


12-24 


12-29 


12-35 


12-36 


12-37 


12-38 


12-39 


12-40 
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MC-157 


MC-174/176 


MC-41256A8 


MC-41256A9 


Me-421000A36 


MC-421000AB 


MC-422000A36 


Me-424100A8 


MC-424256A36 


Me-424256A36BH/FH 


MC-424512A36 


MC-424512A36BH/FH 


~PB100422 


~PB100470 


~PB100474 


~PB10422 


~PB10470 


~PB10474 


~PB10474A 


Package 


SO-Pin SIMM (Socket-Mountable) 
#7 


60-Pin IC Card 


30-Pin SIMM (Socket-Mountable) 
#3 


30-Pin SIMM (Socket-Mountable) 
#6 


72-Pin SIMM (Socket-Mountable) 
#3 


30-Pin SIMM (Leaded) #1 


30-Pin SIMM (Socket-Mountable) 
#1 


30-Pin SIMM (Leaded) #3 


30-Pin SIMM (Socket-Mountable) 
#2 


72-Pin SIMM (Socket-Mountable) 
#2 


30-Pin SIMM (Leaded) #4 


30-Pin SIMM (Socket-Mountable) 
#5 


30-Pin SIMM (Leaded) #2 


SO-Pin SIMM (Socket-Mountable) 
#4 


72-Pin SIMM (Socket-Mountable) 
#4 


72-Pin SIMM (Socket-Mountable) 
#5 


72-Pin SIMM (Socket-Mountable) 
#6 


72-Pin SIMM (Socket-Mountable) 
#1 


24-Pin Ceramic Flatpack 


24-Pin Ceramic DIP 


18-Pin Cerdip 


24-Pin Ceramic Flatpack 


24-Pin Ceramic DIP 


24-Pin Ceramic LCC 


24-Pin Ceramic Flatpack 


24-Pin Cerdip #2 


24-Pin Ceramic Flatpack 


24-Pin Cerdip #2 


20 -Pin Ceram ic Flatpack 


20-Pin Cerdip 


28-Pin Ceramic Flatpack 


28-Pin Cerdip 


28-Pin Ceramic Flatpack 


28-Pin Cerdip 


28-Pin Ceramic Flatpack 


28-Pin Cerdip 


24-Pin Ceramic DIP 


18-Pin Cerdip 


24-Pin Cerdip #2 


24-Pin Cerdip #2 


Ordering 
Designation 
Page 


B 
12-29 


N/A 
12-38 


B 
12-27 


B 
12-28 


B 
12-42 


A 
12-24 


B 
12-26 


A 
12-25 


B 
12-27 


BH/FH 
12-41 


A 
12-26 


B 
12-28 


A 
12-25 


B 
12-28 


B/F 
12-43 


BH/FH 
12-44 


B/F 
12-45 


BH/FH 
12-40 


B 
12-12 


D 
12-15 


D 
12-7 


B 
12-12 


D 
12-15 


K 
12-17 


BH 
12-12 


D 
12-16 


BH 
12-12 


D 
12-16 


B 
12-8 


D 
12-9 


B 
12-20 


D 
12-22 


B 
12-20 


D 
12-22 


B 
12-20 


D 
12-22 


D 
12-15 If) 
D 
12-7 


D 
12-16 


D 
12-16 


12-1 
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Device/Package Cross Reference (cant) 


Ordering 
Part Number 
Package 
Designation 
Page 


IlPB10474E 
24-Pin Cerdip #2 
D 
12-16 


IlPB10480 
2O-Pin Ceramic 
Flatpack 
B 
12-8 


20-Pin Cerdip 
D 
12-9 


IlPB10484 
28-Pin Ceramic Flatpack 
B 
12-20 


28-Pin Cerdip 
D 
12-22 


IlPB10484A 
28-Pin Ceramic Flatpack 
B 
12-20 


28-Pin Cerdip 
D 
12-22 


IlPB10A484 
28-Pin Ceramic Flatpack 
BH 
12-20 


28-Pin Cerdip 
D 
12-22 


IlPD100500 
24-Pin Cerdip #1 
D 
12-15 


IlPD100504 
32-Pin Ceramic Flatpack 
B 
Not available 
at time of print 


32-Pin Cerdip 
D 
Not available 
at time of print 


IlPDt0500 
24-Pin Cerdip #1 
D 
12-15 


IlPD10504 
32-Pin Ceramic Flatpack 
B 
Not available 
at time of print 


32-Pin Cerdip 
D 
Not available 
at time of print 


IlPD23C1000A 
28-Pin Plastic DIP #2 
C 
12-21 


28-Pin Plastic Miniflat 
#1 
G 
12-22 


IlPD23C1000EA 
32-Pin Plastic DIP 
C 
12-29 


IlPD23C1001 E 
32-Pin Plastic DIP 
C 
12-29 


IlPD23C1010A 
28-Pin Plastic DIP #2 
C 
12-21 


IlPD23C1024E 
40-Pin Plastic DIP 
C 
12-35 


IlPD23C16000 
42-Pin Plastic DIP 
CZ 
12-36 


IlPD23C2000 
40-Pin Plastic DIP 
C 
12-35 


52-Pin Plastic Miniflat 
G 
12-37 


IlPD23C2000A 
40-Pin Plastic DIP 
C 
12-35 


IlPD23C2001 
32-Pin Plastic DIP 
C 
12-29 


IlPD23C4000 
40-Pin Plastic DIP 
C 
12-35 


64-Pin Plastic QFP 
GF 
12-39 


IlPD23C4000A 
40-Pin Plastic DIP 
C 
12-35 


IlPD23C4001 E 
32-Pin Plastic DIP 
C 
12-29 


32-Pin Plastic Miniflat 
GW 
12-3t 


IlPD23C8000 
42-Pin Plastic DIP 
CZ 
12-36 


IlPD23C8001 E 
32-Pin Plastic DIP 
CZ 
12-29 


32-Pin Plastic Minifiat 
GW 
12-31 


IlPD27C1000A 
32-Pin Cerdip #1 
D 
12-30 


IlPD27C1001A 
32-Pin Cerdip #1 
D 
12-30 


IlPD27C1024A 
40-Pin Cerdip 
D 
12-35 


IlPD27C2001 
32-Pin Cerdip #2 
D 
12-30 


IlPD27C4001 
32-Pin Cerdip #3 
DZ 
12-31 


IlPD27HC65 
24-Pin Cerdip #3 
DX 
12-16 


12-2 
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Part Number 


/lPD28C04 


/lPD28C256 


/lPD28C64 


/lPD41256 


/lPD42270 


/lPD42273 


/lPD42275 


/lPD424100 


Package 


24-Pin Plastic DIP #3 


24-Pin Plastic Miniflat 


24-Pin Plastic DIP #3 


24-Pin Plastic Miniflat 


28-Pin Plastic DIP #2 


28-Pin Plastic DIP #2 


16-Pin Plastic DIP 


18-Pin Plastic Leaded Chip Carrier 


24-Pin Plastic DIP #2 


24-Pin Plastic ZIP 


18-Pin Plastic DIP #1 


18-Pin Plastic Leaded Chip Carrier 


18-Pin Plastic DIP #2 


26/20-Pin 
Plastic SOJ #1 


20-Pin Plastic ZIP 


18-Pin Plastic DIP #2 


26/20 -Pin Plastic SOJ #1 


20-Pin Plastic ZIP 


18-Pin Plastic DIP #2 


26/20-Pin 
Plastic SOJ #1 


2O-Pin Plastic ZIP 


24-Pin Plastic DIP #1 


24-Pin Plastic Miniflat 


24-Pin Plastic DIP #1 


24-Pin Plastic Miniflat 


24-Pin Plastic DIP #2 


24-pin Plastic SOJ 


24-Pin Plastic ZIP 


28-Pin Plas1ic DIP #1 


28-Pin Plastic SOJ 


28-Pin Plastic ZIP 


28-Pin Plastic SOJ 


28-Pin Plastic ZIP 


40-Pin Plastic SOJ 


26/20-Pin 
Plastic SOJ #2 


2O-Pin Plastic ZIP 


26/20-Pin 
Plastic SOJ #2 


2O-Pin Plastic ZIP 


26/20-Pin 
Plastic SOJ.#2 


20-Pin Plastic ZIP 


Ordering 
Designation 
Page 


C 
12-14 


G 
12-17 


C 
12-14 


G 
12-17 


CZ 
12-21 


C 
12-21 


C 
12-6 


L 
12-8 


C 
12-13 


V 
12-18 


C 
12-6 


L 
12-8 


C 
12-7 


LA 
12-19 


V 
12-10 


C 
12-7 


LA 
12-19 


V 
12-10 


C 
12-7 


LA 
12-19 


V 
12-10 


C 
12-13 


G 
12-17 


C 
12-13 


G 
12-17 


C 
12-13 


LA 
12-18 


V 
12-18 


C 
12-20 


LE 
12-23 


V 
12-24 


LE 
12-23 


V 
12-24 


LE 
12-36 


LB 
12-19 


V 
12-10 


L 
12-19 ED 
V 
12-10 


LB 
12-19 


V 
12-10 


12-3 


Packaging Information 
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Device/Package 
Cross Reference (cent) 


Ordering 
Part Number 
Package 
Designation 
Page 


pPD424256 
20-Pin Plastic DIP 
C 
12-9 


26/20 -Pin Plastic SOJ #1 
LA 
12-19 


20-Pin Plastic ZIP 
V 
12-10 


pPD424258 
20-Pin Plastic DIP 
C 
12-9 


26/20-Pin 
Plastic SOJ #1 
LA 
12-19 


20-Pin Plastic ZIP 
V 
12-10 


pPD424266 
20-Pin Plastic DIP 
C 
12-9 


26/20-Pin 
Plastic SOJ #1 
LA 
12-19 


20-Pin Plastic ZIP 
V 
12-10 


pPD424268 
2O-Pin Plastic DIP 
C 
12-9 


26/20 -Pin Plastic SOJ #1 
LA 
12-19 


20-Pin Plastic ZIP 
V 
12-10 


pPD424400 
26/20-Pin 
Plastic SOJ #2 
LB 
12-19 


20-Pin Plastic ZIP 
V 
12-10 


pPD424402 
26/20 -Pin Plastic SOJ #2 
LB 
12-19 


20-Pin Plastic ZIP 
V 
12-10 


pPD424410 
26f20-Pin 
Plastic SOJ #2 
LB 
12-19 


2O-Pin Plastic ZIP 
V 
12-10 


pPD424412 
26/20 -Pin Plastic SOJ #2 
LB 
12-19 


20-Pin Plastic ZIP 
V 
12-10 


pPD424800 
28-Pin Plastic SOJ 
LE 
12-23 


28-Pin Plastic ZIP 
V 
12-24 


pPD42505 
24-Pin Plastic DIP #1 
C 
12-13 


28-Pin Plastic ZIP 
V 
12-24 


pPD42532 
40-Pin Plastic DIP 
C 
12-35 


pPD42601 
26/20 -Pin Plastic SOJ #1 
LA 
12-19 


20-Pin Plastic ZIP 
V 
12-10 


pPD431000 
32-Pin Plastic DIP 
C 
12-29 


32-Pin Plastic Miniflat 
GW 
12-31 


pPD431000A 
32-Pin Plastic DIP 
CZ 
12-29 


32-Pin Plastic Miniflat 
GW 
12-31 


32-Pin Plastic TSOP (Normal Leads) #2 
GZ-KJH 
12-32 


32-Pin Plastic TSOP (Reverse Leads) #2 
GZ-KKH 
12-34 


pPD431001 
28-Pin Plastic SOJ 
LE 
12-23 


pPD431004 
28-Pin Plastic SOJ 
LE 
12-23 


pPD43251 
24-Pin Plastic DIP #4 
C 
12-14 


24-Pin Plastic SOJ 
LA 
12-18 


pPD43254 
24-Pin Plastic DIP #4 
C 
12-14 


24-Pin Plastic SOJ 
LA 
12-18 
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IlPD4362 


IlPD4363 


IlPD46251 


Package 


28-Pin Plaslic DIP #2 


28-Pin Plaslic Miniflal 
#2 


32-Pin Plaslic TSOP (Normal Leads) #1 


32-Pin Plaslic TSOP (Reverse Leads) #1 


28-Pin Plaslic DIP #2 


28-Pin Plaslic Miniflal 
#2 


32-Pin Plaslic TSOP (Normal Leads) #1 


32-Pin Plastic TSOP (Reverse Leads) #1 


28-Pin Plaslic DIP #3 


28-Pin Plastic SOJ 


22-Pin Plastic DIP 


22-Pin Ceramic LCC 


22-Pin Plastic DIP 


24-Pin Plastic DIP #4 


24-Pin Plastic SOJ 


Ordering 
Designation 
Page 


C 
12-21 


GU 
12-23 


GX-EJA 
12-32 


GX-EKA 
12-33 


C 
12-21 


GU 
12-23 


GX-EJA 
12-32 


GX-EKA 
12-33 


CR 
12-21 


LA 
Not available al time of prinl 


C 
12-10 


K 
12-11 


C 
12-10 


C 
12-14 


LA 
12-18 


t-IEC 


16-Pin Plastic DIP 


Item 
Millimeters 
Inches 


A 
20.32 
max 
.800 max 


B 
1.27 
max 
.050 max 


C 
2.54 (TP) 
.100 (TP) 


0 
0.50 ±0.10 
.020 ~:gg~ 


F 
1.2 min 
.047 
min 


G 
3.2 ±0.3 
.126 ±.012 


H 
0.51 
min 
.020 
min 


I 
4.31 max 
.170 max 


J 
5.08 max 
.200 
max 


K· 
7.62 (TP) 
.300 (TP) 


L 
6.7 
.264 


M 
025 ~g:6~ 
.010 ~:gg; 


N 
0.25 
.010 


P 
1.0 
min 
.039 
min 


" Item K to center of leads 
when formed 
parallel. 


18-Pin Plastic DIP #1 


Item 
Millimeters 
Inches 


A 
22.86 
max 
.900 max 


B 
1.27 max 
.050 max 


C 
2.54 (TP) 
.100 (TP) 


0 
0.50 ±0.10 
.020 ~:gg~ 


F 
1.2 min 
.047 
min 


G 
3.2 ±0.3 
.126 ±.012 


H 
0.51 
min 
.020 
min 
I 
4.31 
max 
.170 
max 


J 
5.08 max 
.200 
max 


K· 
7.62 (TP) 
.300 (TP) 


L 
6.7 
.264 


M 
0.25 ~g:6~ 
.010 ~ :gg; 


N 
0.25 
.010 


P 
1.0 
min 
.039 
min 


" Item 
K to center 
of leads 


when 
formed parallel. 


18 
10 


~::::::: 
:J 


A 


NEe 


f8-Pin Plastic DIP #2 


Item 
Millimeters 
Inches 


A 
22.86 
max 
.900 max 


B 
1.27 
max 
.050 max 


C 
2.54 
(TP) 
.100 
(TP) 


D 
0.50 
±0.10 
.020 ~:gg~ 


F 
1.2 
min 
.047 
min 


G 
3.2 ±0.3 
.126 ± .012 


H 
0.51 
min 
.020 
min 


I 
4.31 max 
.170 
max 


J 
5.08 ma. 
.200 max 


K' 
7.62 
(TP) 
.300 
(TP) 


L 
7.35 
.289 


M 
0.25 
~ g:6g 
.010 ~ :gg~ 


N 
0.25 
.010 


* Item 
K to center 
of leads 
when 
formed 
parallel. 


Item 
Millimeters 
Inches 


A 
22.86 max 
.900 max 


B 
1.27 max 
.050 max 


C 
2.54 rrPI 
.100[TP] 


D 
0.46 ± .05 
.018 ~gg~ 


F 
1.42min 
.055 min 


G 
3.50 ±.30 
.138±.012 


H 
0.51 min 
.020 min 
I 
3.95 
.156 


J 
5.08 max 
.200 ma. 


K 
7.62 [TPJ 
.300 [TP] 


L 
6.60 
.260 


M 
0.25±.05 
.010 ~:gg~ 


N 
0.89 min 
.035min 


P 
0.25 
.010 


P18DK.1ClO-JOOA 


,J 


18 
10 


r.;:::;~::~J 


A 


IS-Pin Plastic Leaded Chip Carrier 


Item 
Millimeters 
Inches 


A 
13.4 ±0.2 
.528 ~gg~ 


B 
12.5 
.492 


C 
7.4 
.291 


D 
8.3 ±0.2 
.327 ~gg~ 


E 
3.71 ±0.15 
.146 ~ :gg~ 


F 
0.6 
.024 


G 
3.5 ±0.2 
.138 ~g~ 


H 
2.4 ±0.2 
.094 ~gg~ 


I 
0.8 min 
.031 min 
J 
2.6 
.102 


K 
1.27 (TP) 
.050 (TP) 


L 
0.7 
.028 


M 
0.40 ±0.10 
.016 ~ :gg~ 


N 
0.12 
.005 


P 
11.68 ±0.2O 
.460 ~:gg~ 


Q 
0.15 
.006 


T 
0.8 rad 
.031 rad 


U 
0.20 ~g:~~ 
.008 ~ :gg~ 


V 
1.80 ±0.15 
071 ~:gg~ 


W 
6.60 ± 0.20 
.260 ~:gg~ 


P18L-50A 


G~ 
t 
I 


Item 
Millimeters 
Inches 


B 
12.6 ~g:~ 
496 ~g~~ 


C 
9.8 
+0.4 
.388 ~ :g~~ 
-0.1 


D 
29.0 
1.142 


G 
0.6 
.024 


H 
043 
.169 
J 
1.27 
.050 


K 
9.6 
.378 


M 
0.13 
.005 


P 
2.18 max 
.086max 


T 
1.14max 
.045 max 


20 
11,-r- 


C 
D 


1 
10 
I 
I 
I 
I 
I I 
K 


--G --I~H -- -0 
J 


I- 
1=0 


20-Pin 
Plastic 
DIP 


Item 
Millimeters 
Inches 


A 
25.4 
max 
1.000 
max 
S 
1.27 
max 
.050 
max 


C 
2.54 
(TP) 
.100 
(TP) 


0 
0.50 
±0.10 
.020 ~:gg~ 


F 
1.2 
min 
.047 
min 


G 
3.2 
±0.3 
.126 
±.012 


H 
0.51 
min 
.020 
min 


I 
4.31 
max 
.170 
max 


J 
5.08 
max 
.200 
max 
K· 
7.62 
(TP) 
.300 
(TP) 


L 
7.35 
.289 


M 
0.25 ~g:6~ 
.010 
~ :ggj 


N 
0.25 
.010 


P 
1.0 
min 
.039 
min 


• Item K to center 
of leads 


when 
formed 
parallel. 


P2QC·100·300WA 


20-Pin 
Cerdip 


Item 
Millimeters 
Inches 


A 
25.4 max 
1.00 max 
S 
1.27 max 
.050 max 


C 
2.54 [TPJ 
.100 [TPJ 


0 
0.46 ±0.05 
.018 ± .002 


F 
1.42min 
.OSSmin 


G 
3.50 ± 0.30 
.138 ±.012 


H 
0.51 mln 
.020 min 


I 
3.95 
.156 


J 
5.08 max 
.200 max 


K 
7.62 [TPJ 
.300 ITPI 


L 
7.32 
.288 


M 
025±0.05 
010~:gg~ 


N 
O.89min 
.035 min 


P 
0.25 
.010 


NEe 


20-Pin Plastic ZIP 


Item 
Millimeters 
Inches 


A 
26.67 max 
1.050 
max 


F 
0.5 ±0.1 
.020 ~ :gg~ 


G 
12f0.25 
.010 


H 
2.54 
.100 
I 
1.27 
.050 
J 
1.27 
max 
.050 
max 


K 
1.0 min 
.039 
min 


M 
8.9 Max 
.350 
Max 


N 
2.8 ±0.2 
.110 ~ :gg~ 
a 
10.16 
max 
.400 Max 


V 
0.25 
~ g:~~ 
.010 ~:ggj 


W 
2.54 
.100 


Y 
3.3 ±0.5 
.130 ±.020 


,~ 
~ 
[!] -1$l-I2f-G-@-1 


P20V-254·400A 


22-Pin Plastic DIP 


Item 
Millimeters 
Inches 


A 
27.94 
Max 
1.100 
max 


B 
1.27 Max 
.050 Max 


C 
2.54 
(fP) 
.100 
(TP) 


0 
0.50 
±0.10 
.020 ~ :gg~ 


F 
1.2 min 
.047 min 


G 
3.2 ±0.3 
.126 ± .012 


H 
0.51 
min 
.020 
min 


I 
4.31 
max 
.170 Max 


J 
5.08 Max 
.200 
Max 
K' 
7.62 
(TP) 
.300 
(fP) 


L 
7.35 
.289 


M 
0.25 ~g:~~ 
.010 ~ :ggj 


N 
0.25 
.010 


P 
0.9 
min 
.035 
min 


" Item 
K to center 
of leads 
when 
formed 
parallel. 


NEe 


b]][f[JId 


I. 
.1 
A 
Item 
Millimeters 


A 
12.45 ± .35 


B 
1.14 


C 
2.29 


0 
.6' 


7.37 ± .35 


1.27 


.490 ± .014 


.045 


.090 


.025 


.290 ± .014 


.050 


G 
2.26 malt 
.089 ma. 
-- 
- 


H 
1.40 
.055 
--- 


I 
7.62 
.300 
---------- 


J 
3.81 
.150 
- 
-- 


K 
.3 rad 


.2 rad 


Itom 
Mlilimotors 
Inches 


A 
28.5 ± 1.0 
1.122 ± .040 


B 
9.6 
.378 


C 
9.6 
.378 


D 
28.5 ± 1.0 
1.122 ± .040 


G 
1.62 
.064 


H 
0.4±0.1 
.016~gg~ 


J 
1.27 (TP) 
.050 (TP) 


K 
9.45±1.0 
.372 ±.40 


M 
0.15~:~~ 
.006~:gg~ 


N 
0.25 
.010 


P 
2.6 max 
.103 max 


Note: 


(1) 
Each lead cente~ine 
Is located 
Within 0.25 mm (0.010 Inch) or 
its true position (TP) at maximum 
materIal 
condition. 


B 


18 
13 
19 
12 


C 


24 
7 
1 
6 


I 
I 
I 


G-- 
r-o::::J 
:JL: 


'" 


K 


"I 
+ 
-+ 
I 
I 
P 
o 
0 
0 ODD 
-t 
M 
t 


83Yl·7323B 


NEe 


24-Pin Plastic 
DIP #1 


Item 
Millimeters 
Inches 


A 
33.02 
rnax 
1.300 
max 


B 
2.54 
max 
.100 
max 


C 
2.54 
(TP) 
.100 
(TP) 


D 
0.50 
±0.10 
.020 
~ :gg~ 


F 
1.2 
min 
.047 
min 


G 
3.5 
±0.3 
.138 
± .012 


H 
0.51 
min 
.020 
min 


I 
4.31 
max 
.170 
max 


J 
5.08 
max 
.200 
max 


K· 
7.62 
(TP) 
.300 
(TP) 


L 
6.4 
.252 


M 
0.25 
~ g:~g 
.010 
~ :ggj 


N 
0.25 
.010 


P 
1.0 min 
.039 min 


• Item K to center of leads 
when formed parallel. 


Item 
Millimeters 
Inches 


A 
30.48 max 
1.200 max 


B 
1.27 max 
.050 max 


C 
2.54 (TPj 
.100 [TPJ 


0 
0.50 ± 0.10 
020 ~:gg~ 


F 
1.2 min 
.047 min 


G 
3.2 ± 0.3 
.126 ± .012 


H 
0.51 min 
.020 min 


I 
4.31 max 
.170 max 


J 
5.08 max 
.200 max 


K 
10.16 [TPj 
.400 [TPj 


L 
8.6 
.339 


M 
.25 
+0.10 
.010 ~:gg~ 
-0.05 


N 
0.25 
.010 


Notes: 
[1J Each lead centerline 
is located 


within 
0.25 mm [.010 inch] 
of its true 
position [TPj at maximum material 
condition. 


[2] Item "K" to center of leads when 


formed parallel. 


P24C·' 00-400A 1 


NEe 


Item 
Millimeters 
Inches 


A 
33.02 
max 
1.300 max 


B 
2.54 max 
.100 max 


C 
2.54 [TPj 
.100 [TPj 
------ 
------ 


D 
0.50 ± 0.10 
.020 ~:gg~ 
--- 
--- 


F 
1.2 min 
.047 min 


G 
3.5 ± 0.3 
.138 ± .012 


H 
0.51 min 
.020 min 


I 
4.31 max 
.170 ma. 


J 
5.72 max 
.226 max 


K 
15.24 [TP) 
.600 [TPJ 


L 
13.2 
.520 


M 
0.25 ~g:1~ 
.010 ~:gg~ 


N 
0.25 
.010 


Notes: 
(1] Each lead centerline 
is located 
within 0.25 mm (.010 inch] of its 
true 
position 
(TP] 
at 
maximum 
material condition. 


[2] Item "K" "to center 
of leads when 
formed parallel. 


Item 
Millimeters 
Inches 


A 
30.48 
max 
1.200 
max 


B 
1.27 max 
.050 max 


C 
2.54 
(TP) 
.100 
(TP) 


D 
0.50 
±0.10 
.020 ~:gg~ 


F 
1.1 
min 
.043 min 


G 
3.2 ±0.3 
.126 
±.012 


H 
0.51 
min 
.020 
min 
I 
4.31 
max 
.170 
max 
J 
5.08 
max 
.200 
max 
K' 
7.62 
(TP) 
.300 
(TP) 


L 
7.35 
.289 


M 
0.25 ~g:6~ 
.010 
~ :gg~ 


N 
0.25 
.010 


P 
0.9 
min 
.035 min 


• Item K to center of leads 


when formed parallel. 


24 
13 


F = = = = ~-== = = = :1 


A 


NEe 


Item 
Millimeters 
Inches 


A 
33.02 max 
1.30 max 


B 
2.54 max 
.100 max 


C 
2.54 {TP) 
.100 [TP) 
o 
0.46 ± 0.05 
.018 ± .002 


F 
1.25 min 
.049 min 


G 
3.50 ± 0.30 
.138 ± .012 


H 
0.51 min 
.020 min 


I 
2.74 
.108 


J 
4.57 
max 
.180 max 


K 
10.16 ITP) 
.400 [TP) 


L 
10.0 
.394 


M 
0.25 ± 0.05 
.010 ~:~~~ 


N 
1.00 min 
.039 min 


P 
0.25 
.010 


Notes: 
(1) Each lead centerline 
is located 


within 
0.25 
mm 
[.010 
inch) 
of its true 


position [TPj at maximum 
material 


condition. 


[2] Item "K" to center of leads when 


formed parallel. 


Item 
Millimeters 


A 
33.02 max 


B 
2.54 max 


C 
2.54 rTP) 


o 
0.46 ± 0.05 


F 
1.42min 


G 
3.5 ± 0.3 


H 
0.51 mln 
I 
3.80 


J 
5.08 max 


K 
7.62 [TP) 


L 
7.32 


Inches 


1.300 max 


.100 max 


.100 rTPj 


.018 ±.002 


.055 min 


.138 ± .012 


.020 mln 


.150 


.200 mIX 


.300 rTPj 


.288 


.010 ~:gg~ 


.010 


NEe 


Item 
Millimeters 
Inches 


A 
33.02 
max 
1.300 max 


B 
2.54 max 
.100 max 


C 
2.541TP] 
.100ITP] 


0 
0.50 ± 0.10 
.020 ~:gg~ 


F 
1.2 min 
.047 min 


G 
3.5 ± 0.3 
.138 ± .012 


H 
0.51 min 
.020 min 
I 
3.80 
.150 


J 
5.08 max 
.200 max 


K 
10.161TP] 
.400ITP) 


l 
9.70 
.382 


M 
0.25 ± 0.05 
.010 ~:gg~ 


N 
0.89 min 
.035 min 


P 
0.25 
.010 


Notes: 
[1 J Each 
lead 
centerline 
is 
located 
within 
0.25 mm 
[.010 inch] 
of its 
true 
position 
[TPj 
at 
maximum 
material condition. 


(2) Item "K" to center 
of leads when 
formed parallel. 


Item 
Millimeters 
Inches 


A 
33.02 
max 
1.300 
max 


B 
2.54 
max 
.100 
max 


C 
2.54 
(TP) 
.100 
(TP) 


D 
0.46 ± 0.05 
.018 ± .002 
F 
1.42 min 
.055 
min 


G 
3.5 ±0.3 
.138 ± .012 


H 
0.51 
min 
.020 
min 


I 
3.80 
.150 


J 
5.08 
max 
.200 
max 


K" 
7.62 
(TP) 
.300 
(TP) 


l 
7.32 
.288 


M 
0.25 ± 0.05 
.010 ~gg~ 


N 
0.25 
.010 


S 
4.6dia 
.181 dia 


•. Item K to center of leads 


when formed parallel. 


P24DW·lOO-300A 


NEe 


24-Pin Plastic Miniflat 


Item 
Millimeters 
Inches 


A 
16.51 
max 
.650 
max 


B 
1.27 
max 
.050 
max 


C 
1.27 (TP) 
.050 
(TP) 


D 
0.40 
±0.10 
.016 ~ :gg~ 


E 
01 ~g:~ 
.004 ~ :gg~ 


F 
2.5 
max 
.099 max 


G 
2.00 
.079 


H 
12.2 ± 0.3 
.480 ~:gg 


8.4 
.331 
1.9 
.075 


K 
0.15 
~ g:~~ 
.006 
~ :gg~ 


0.9 ± 0.2 
.035 ~ :gg~ 


M 
0.12 
.005 


P24GM-50-450A 


8.51 ±O.4 


.89 ±O.2 


5.14 


5.08 


1.27 


2.0 mal( 


8.51 ±O.4 


1.' 


1.02 


O.2A 


O.3R 


.335 ±.016 


.035 
±.OOB 


.202 


.025 ~:~g~ 


.200 


.050 


.079max 


.335 ±.016 


.055 


.040 


.DOaR 


.012R 


C[[[[[]!J 


I· 
A 
·1 


NEe 


24-Pin Plastic 
SDJ 


Item 
Millimeters 
Inches 


B 
16.13~g:~ 
.635 + .008 
-.013 


C 
7.57 
.298 


D 
8047±0.20 
333 ~ :gg~ 


E 
1.08±0.15 
.043~ :gg~ 


F 
0.6 
.024 


G 
3.5±0.20 
.138 ± .008 


H 
204± 0.20 
.094 ~ :gg~ 


I 
0.8mln 
.031 mln 


J 
2.6 
.102 


K 
1.27 [TPJ 
.050 [TPJ 


M 
Oo4O±0.10 
.016 ~ :gg~ 


N 
0.12 
.005 


P 
6.73±0.20 
.265 ± .008 


Q 
0.15 
.006 


T 
RO.85 
R.033 


U 
+ 0.10 
.008 ~ :gg~ 
0.20 -0.05 


P24LA·50A 


24-Pin Plastic 
ZIP 


Item 
Millimeters 
Inches 


A 
31.75 
max 
1.250 
max 


F 
0.5 ±0.1 
.020 ~ :gg~ 


G 
QfO.25 
.010 


H 
2.54 
.100 


I 
1.27 
.050 


J 
1.27 max 
.050 
max 


K 
1.0 min 
.039 
min 


M 
8.9 max 
.350 max 


N 
2.8 ±0.2 
.110 ~ :gg~ 


Q 
10.16 
max 
.400 
max 


V 
0.25 
~ g:~~ 
.010 ~ :gg; 
w 
2.54 
.100 


Y 
3.3 ±0.5 
.130±.020 


P24V-~·400A 


M 
f$J 
N @! 


I- 


OJ I$l~-Qf-G-@-I 


NEe 


Item 
Millimeters 
Inches 


B 
17.4 ~ g~5 
.685 ~:g~~ 


C 
7.57 
.298 


D 
8.47 ±0.2 
333 + .009 
. 
-.008 


E 
1.08 ±0.15 
.043 ~:gg~ 


F 
0.6 
.024 


G 
3.5 ± 0.2 
.138 ± .008 


H 
2.4 ± 0.2 
.094 ~ :gg~ 


I 
0.8 min 
.031 
min 


J 
2.6 
.102 


K 
1.27 (TP) 
.050 
(TP) 


M 
0.40 ± 0.10 
.016 ~ :gg~ 


N 
0.12 
.005 
p. 
6.73 ±0.20 
.265 ± .008 


Q 
0.15 
.006 


T 
0.85 
.ad 
.033 
rad 


U 
0.20 ~ g:6~ 
.008 ~ :gg~ 


Item 
Millimeters 
Inches 


B 
17.4 ~ g:~5 
.685 ~:g~~ 


C 
8.89 
.350 


D 
9.78 ±0.2 
.385 ± .008 


E 
1.08 ±0.15 
.043 ~:g~ 


F 
0.6 
.024 


G 
3.6 ± 0.2 
.142 ~gg~ 


H 
2.45 ± 0.2 
.096 ~ :gg~ 


I 
0.8 
min 
.031 
min 
J 
2.7 
.106 


K 
1.27 (TP) 
.050 (TP) 


M 
0.40 ±0.10 
.016 ~ :gg~ 


N 
0.12 
.005 


p. 
8.06 ±0.20 
.317 ~:gg~ 


Q 
0.15 
.006 


T 
0.85 
rad 
.033 .ad 


U 
0.20 ~g:6~ 
008 ~:g~ 


• Item 
P to center 
of leads. 


P26LB-3SO 
..•. 


26 
14 


~~::: t :::]} 
0 


B 


14 


+ 
]00 


13 


;~o 
ffi+'T 
~ 
P 


28 
15 


Item 
Millimeters 
Inches 


B 
17.5 
.689 
C 
D 
C 
9.84 
.387 


D 
29.0 
1.142 
G 
0.50 
.020 
1 
14 
H 
0.43 
.017 


I I 
J 
1.27 [TPj 
.050 [TPJ 
K 
K 
9.58 
.377 
I 
I 


M 
0.15 
.006 


P 
2.18 
max 
.086 max 
H-jf- -- 
-0 
T 
1.14 
max 
.045 max 
-- 
-G 


B 


M 
1= 
c c c c c c c c c c c c c c c c c c cI@ 


X28B-100A 
83IH-4510B 
(5189) 


Item 
Millimeters 
Inches 


A 
35.56 
max 
1.400 
max 


B 
1.27 
max 
.050 
max 


C 
2.54 
(TP) 
.100 
(TP) 


D 
0.60 ± 0.1 0 
.020 ~ :gg~ 


F 
1.1 min 
.043 min 


G 
3.5 ±0.3 
.138 ±.012 


H 
0.51 
min 
.020 
min 


I 
4.31 max 
.170 max 


J 
5.72 
max 
.226 
max 


K • 
10.16 (TP) 
.400 (TP) 


L 
8.6 
.339 


~ 
::: ~g6~ 
:;: ~ ggi 
J 


P 
0 9 
mln 
035 
mln 


• ~~~nKf~~~:~t;~r~lI~adS 
B 


NEe 


Item 
Millimeters 
Inches 


A 
38.10 
mex 
1.500 
max 


B 
2.54 
max 
.100 max 


C 
2.54 
(TP) 
.100 (TP) 


0 
0.50 ±0.10 
.020 ~:gg~ 


F 
1.2 min 
.047 
min 


G 
3.6 ±0.3 
.142 ±.012 


H 
0.51 
min 
.020 min 


I 
4.31 
mex 
.170 
mex 
J 
5.72 
max 
.226 
max 


K· 
15.24 (TP) 
.600 (TP) 


L 
13.2 
.520 


M 
0.25 ~g:~~ 
.010 ~ :g~ 


N 
0.25 
.010 


* Item K to center of leads 


when 
formed 
parallel. 


0 


14 ,I 


Millimeters 
Inches 


35.56 
mex 
1.400 
max 


1.27 
max 
.050 
mex 


2.54 
(TP) 
.100 (TP) 


0.50 ±0.10 
.020 ~:~~ 


1.2 min 
.047 min 


3.2 ±0.3 
.126 ±.012 


0.51 
min 
.020 
min 


4.31 
mex 
.170 
max 


5.08 
mex 
.200 
max 


F 


G 


H 
I 


J 


K • 
7.62 
(TP) 
.300 (TP) 


L 
67 
264 


M 
025 ~g~~ .010 ~~;J 


N 
0.25 
.010 


P 
1.0 mln 
039 rnln 


* Item K to center of leads 
B 


when lormed parallel. 


NEe 


Item 
Millimeters 
Inches 


A 
38.10 max 
1.50 max 


B 
2.54 
max 
.100 
max 


C 
2.54 [TPJ 
.1001TPJ 


D 
0.50 ± 0.10 
.020 ::::gg~ 


F 
1.20 min 
.047 min 


G 
3.50 ± 0.30 
.138 ± .012 


H 
0.51 
min 
.020 min 


I 
4.00 
.157 


J 
5.08 max 
.200 max 


K 
10.16 (TPJ 
.400 [TPj 


L 
9.65 
.380 
- 


M 
0.25 ± 0.05 
.010 ::::gg~ 


P 
0.89 min 
.035 min 


Q 
0.25 
.010 


Notes: 


[1] Each lead centerline 
is located 


within 
0.25 
mm 
[.010 
inch) 
of its true 


position 
(TPj 
at maximum 
material 
condition. 


[2] Item uK" to center 
of leads when 


formed parallel. 


P26DH·1QO-400A 


Item 
Millimeters 
Inches 


A 
19.05 
max 
.750 
max 


B 
1.27 
max 
.050 
max 


C 
1.27 (TP) 
.050 
(TP) 


D 
0.40 ± 0.10 
.016 ~:gg~ 


E 
0.1 ~g~ 
.004 ::::gg~ 


F 
2.5 
max 
.099 
max 


G 
2.00 
.079 


H 
11.8 ±0.3 
.465 ~g;~ 


8.4 
.331 


1.7 
.067 


K 
0.15 ~g:~~ 
.006 ::::gg~ 


0.7 ± 0.2 
.028 ~ :gg~ 


M 
0.12 
.005 


P28GM·50-450Al 


NEe 


28-Pin Plastic Miniflat #2 


Item 
Millimeters 
Inches 


A 
19.05 
max 
.750 
max 


B 
1.27 
max 
.050 
max 


C 
1.27 (TP) 
.050 (TP) 


D 
0.40 ±0.10 
.016 ~ :gg~ 


E 
0.1 ±0.1 
.004 ~ :gg~ 


F 
3.0 
max 
.119 max 


G 
2.55 
.100 


H 
11.8 ±0.3 
.465 ~ :gg 


8.4 
.331 
1.7 
.067 


K 
0.15 ~ g:~~ 
.006 ~:g~ 


0.7 ± 0.2 
.028 ~:gg~ 


M 
0.12 
.005 


P28GM-50·450A2 


28-Pin Plastic SOJ 


Item 
Millimeters 
Inches 


B 
18.67 ~g~~ 
.735 ~ :g~~ 


c 
10.16 
.400 


D 
11.18 ±0.2O 
.440 ~ :gg~ 


E 
1.08 ±0.15 
.043 ~gg~ 


F 
0.6 
.024 


G 
3.5 ±0.2 
.138 ~ :gg~ 


H 
2.4 ±0.2 
.094 ~ :gg~ 


I 
0.8 
min 
.031 
min 


J 
2.6 
.102 


K 
1.27 (TP) 
.050 (TP) 


M 
0.40 ±0.10 
.016 ~ :gg~ 


N 
0.12 
.005 
p. 
9.40 ± 0.20 
.370 ~ :gg~ 


Q 
0.15 
.006 


T 
0.85 rad 
.033 rad 


U 
0.20 ~ g:~~ 
.008 ~ :gg~ 


• 
Item 
P to center 
of leads. 


P28LA-400A·' 


NEe 


28-Pin Plastic ZIP 


Item 
Millimeters 
Inches 


A 
36.63 
max 
1.450 
max 


F 
0.5 ±0.1 
.020 ~ :gg~ 


G 
1210.25 
.010 


H 
2.54 
.100 


I 
1.27 
.050 


J 
1.27 max 
.050 max 


K 
1.0 min 
.039 
min 


M 
8.9 max 
.350 max 


N 
2.8 ± 0.2 
.110 ~ :gg~ 


Q 
10.16 
max 
.400 
max 


V 
0.25 ~g6~ 
.010 ~ :gg; 


w 
2.54 
.100 


Y 
3.3 ±0.5 
.130 ± .020 


EfDDDEJEJDo 


onn 


I. 
.1 


A 
Item 
Millimeters 
Inches 


A 
80.3 ± 0.5 
3.161 ~:~~~ 


B 
21.6 max 
.851 max 


C 
2.54 [TPJ 
.100 [TPJ 


0 
0.50 
.020 


E 
5.5 max 
.217 max 


F 
0.25 
.010 


G 
3.4 ± 0.7 
.134±.028 


H 
20.0 
.787 


NEe 


litem 


A 


B 


F 


G 


H 


I 


J 


K 


M 


N 


P 


Q 


S 


Millimeters 


88.9 ±0.13 


82.14 
±0.13 


0.5 


10.16 
±0.13 


2.54 


6.35 ±0.13 


2.03 ±0.13 


7.62 ±0.13 


24.03 
±0.13 


5.28 
max 


1.57 rad 


26.28 
max 
3.18 
±0.13dia 


0.25 
3.4 ±0.7 


Inchas 


3.500 
±.005 


3.234 
±.005 


.020 


.400 ±.005 


.100 


.250 ±.005 


.080 ± .005 


.300 ± .005 


.946 ± .005 


.208 
max 


.062 rad 


1.035 
max 
.125 
±.005dia 


.010 


.134 ± .028 


EJEJDDEDEfEEj 
I. 
.1 


A 


Item 
Millimeters 
Inches 


A 
80.3 ± 0.5 
3.161 ~:~~~ 


B 
21.6 max 
.851 max 


C 
2.541TPj 
.1001TPj 
0 
0.50 
.020 


E 
5.5 max 
.217 max 


F 
0.25 
.010 


G 
3.4 ± 0.7 
.134 ± .028 


H 
20.0 
.787 


NEe 


3D-Pin SIMM (Leaded) #4 


Item 
Millimeters 
Inches 
I" 
A 
88.9 ±0.13 
3.500 ± .005 


B 
82.14 
±0.13 
3.234 
± .005 


F 
0.5 
.020 


G 
10.16 ±0.13 
.400 ± .005 
S ~l/I 
'1 
~ 
H 
2.54 
.100 
I 
6.35 
±0.13 
.250 ± .005 
~ 
J 
2.03 ±0.13 
.080 ± .005 


K 
7.62 
±0.13 
.300 ± .005 


M 
24.03 
±0.13 
.946 ± .005 


=fa 


N 
5.28 
max 
.208 max 


P 
1.57 rad 
.062 rad 


J 1- 


Q 
26.28 
max 
1.035 max 
S 
3.18 
.125 
± 0.13 dia 
± .005 dia 


V 
0.25 
.001 


Y 
K 
3.4 ±0.7 
.134 ± .028 


MC-424100AeA 


3D-Pin SIMM (Socket Mountable) #1 


Item 
Millimeters 
Inches 


A 
88.90 ± 0.5 
3.500 ± .020 


B 
20.0 
.787 


C 
2.54 [TPJ 
.100 [TPj 


0 
1.77 
.070 


E 
5.28 max 
.208 max 


F 
1.27 ± 0.15 
.050 ± .006 


G 
10.16 
.400 
--~-- 


H 
6.35 
.250 


I 
82.14 
3.234 
- 
J 
3.18 dla 
.125 dia 


K 
0.2 
.008 


L 
3.56 
.140 


M 
3.5 
.138 


N 
2.03 
.080 


P 
3.38 
.133 


Q 
7.62 
.300 


I 
'. I LJLJLJLJLJLJLJLJ 
'I 


A 
0 


-+lli-L 
I 
01 rPJ 1Ei 


~~~DDDDDDQ'DDD~ 
'~. ~ 
Nl:j 
-.J ~ 
0 
-I ~c 
K 
-..jF~ 


Q 


NEe 


3D-Pin SIMM (Socket Mountable) #2 


Item 
Millimeters 
Inches 


A 
88.90 ± 0.5 
3.500 ± .020 


B 
20.0 
.787 


C 
2.54 [TPj 
.100 [TPJ 


0 
1.77 
.070 


E 
5.28 max 
.208 ma. 


F 
1.27 ± 0.15 
.050 ± .006 


G 
10.16 
.400 


H 
6.35 
.250 


I 
82.14 
3.234 


J 
3.18 dia 
.125 dla 


K 
0.2 
.008 


L 
3.56 
.140 


M 
3.5 
.138 


N 
2.03 
.080 


P 
3.38 
.133 


Q 
7.62 
.300 


I. 'LJLJLJLJLJLJLJLJLJ' 
.I 


A 


Item 
Millimeters 
Inches 


A 
88.90 
3.500 


B 
16.80 max 
.661 m8X 


C 
2.54 
.100 


0 
1.78 
.070 


E 
5.08 max 
.200 max 


1.27 ± .08 
.050 ± .0032 


G 
10.16 
.400 


H 
6.35 
.250 


I 
82.10 
3.232 


3.175 
die 
.125 dl. 


'=:;::::::::;:::;::::=::;:;:=:;::;:::::::;:;:::::::;:;=:::;::;:=;:;=:::::;:===1 
I. DDDDL?DDD 
.1 


~iQDQgDQQgDg••o:ffiI ~ 


-I~ 
-I~ 
-I~ 


o 
C 
F 


83·003210B 


NEe 


3D-Pin SIMM (Socket Mountable) #4 


Item 
Millimeters 
Inches 


A 
88.9 ±0.13 
3.500 ± .005 


B 
82.14 ±0.13 
3.234 ±.005 


F 
1.78 
.070 


G 
10.16 ±0.13 
.400 ± .005 


H 
2.54 
.100 


I 
6.35 ±0.13 
.250 ±.005 


J 
2.03 ±0.13 
.060 ± .005 


K 
7.62 ±0.13 
.300 ±.005 


L 
0.25 
max 
.010 
max 


M 
24.03 
±0.13 
.946 ± .005 


N 
5.28 max 
.208 
max 


P 
1.57 rad 
.062 rad 


S 
3.18 
.125 
±0.13dia 
±.005 
dia 


T 
1.27 ~g:~~ 
.050 ~ :gg~ 


MC-424100A9B 


3D-Pin SIMM (Socket Mountable) #5 


Item 
Millimeters 
Inches 


A 
88.9 ±0.13 
3.500 ± .005 


B 
82.14 ±0.13 
3.234 ± .005 


F 
1.78 
.070 


G 
10.16 ±0.13 
.400 ± .005 


H 
2.54 
.100 


I ~I 
I 
6.35 ±0.13 
.250 ± .005 


J 
2.03 ±0.13 
.080 ± .005 


K 
7.62 ±0.13 
.300 ± .005 


L 
0.25 max 
.001 
max 


M 
24.03 
±0.13 
.946 ± .005 


N 
5.28 
max 
.208 
max 
P 
1.57 red 
.062 rad 
S 
3.18 
.125 
± 0.13 dia 
± .005 dia 


T 
1.27 ~g:~~ 
.050 ~:gg~ 


MC·424100ASB 


3D-Pin SIMM (Socket Mountable) #6 


~ 
··········>21 


--- 


C 
2.54 
o 
1.78 


F 
1.27 ± .08 


G 
10.16 


H 
6.35 


82.10 


3.175 
dia 


3.500 


.661 mall 


.100 


.070 


.200 max 


.050 ± .0032 


.400 


.250 


3.232 


.125 dia 


NEe 


Item 
MIllimeters 
Inches 


A 
88.90 
3.500 


B 
16.80 max 
.661 Max 
C 
2.54 
.100 
0 
1.78 
.070 


E 
5.08 max 
.200 max 


F 
1.27±.08 
.050 ±.0032 


G 
10.16 
.400 


H 
6.35 
.250 


I 
82.10 
3.232 


J 
3.175 dla 
.125dia 


32-Pin Plastic DIP 


Item 
Millimeters 
Inches 


A 
40.64 max 
1.60 Max 


B 
1.27 Max 
.050 Max 


C 
2.54 (TPI 
.100 (TPI 


0 
0.50 ± 0.10 
.020~ :gg~ 


F 
1.1 min 
.043 min 


G 
3.2 ± 0.30 
.126± 
.012 


H 
0.51 min 
.020 min 
I 
4.31 max 
.170 Max 


J 
5.08 max 
.200 Max 


K 
15.24 [TPJ 
.600 (TPJ 


L 
13.2 
.520 


M 
0.25 ~ g:~~ 
.010 ~gg~ 


N 
0.9 min 
.035 min 


P 
0.25 
.010 


P32C-l 00-600A 


NEe 


Millimeters 


43.18 
max 


2.54 max 


2.541TPj 


0.50 ± 0.10 


Inches 


1.700 max 


.100 max 


.100 [TPj 


.020 ~:gg~ 


.047 min 


.138 ± .012 


.020 min 


.150 


.200 max 


.600 [TPj 


.577 


.010 ~:gg~ 


.010 


'" .380 
Notes: 
[1] Each lead centerline 
is located 
within 0.25 mm (.010 inch] of its 
true 
position 
[TP) 
at 
maximum 
material condition. 


[2) Item "K" to center of leads when 
formed parallel. 


P32DW-100-60QWAl 


1.2 min 


3.5 ± 0.3 


0.51 min 


3.80 


5.08 max 


15.24 [TPj 


14.66 


0.25 


'" 9.66 


Millimeters 


43.18 max 


2.54 max 


2.54 [TPj 


0.50 ± 0.10 


Inches 


1.700 max 


.100 max 


.100 [TPj 


.020 ~:gg~ 


.047 min 


.138 ± .012 


.020 min 


.150 


.200 max 


.6001TPJ 


.577 


.010 ::gg~ 


.010 


.492 


.335 


4-RO.079 


Notes: 
[11 Each 
lead 
centerline 
is located 
within 
0.25 
mm (.01 inch) 
01 its 
true 
position 
(TPj 
at 
maximum 
material condition. 


[2J Item "K" to center of leads when 
formed parallel. 


P32DW·l00·600WA2·1 


1.2 min 


3.5 ± 0.3 


0.51 min 


3.80 


5.08 max 


15.24 [TPj 


14.66 


0.25 ± 0.05 


0.25 


12.50 


8.50 


4-R2.0 


[RJ 


E:E3 


~ 
~~J~!~ 


J 
I 
U11 
I I~G! 
]1\ 


B 
~t:~ 
@] 
-iL 
O-~ 


NEe 


A 
43.18 ma. 


B 
2.54 max 


C 
2.54 [TPI 


o 
0.50 ± 0.10 


F 
1.2 min 


G 
3.5 ± 0.3 


H 
0.51 min 


I 
3.80 


J 
5.08 max 


K 
15.24 [TPJ 


L 
14.66 


N 
0.25 


X 
16.50 


Y 
7.50 


Z 
4-R2.0 


Inches 


1.700 max 


.100 max 


.100 [TPI 


.020 ::gg: 


.047 min 


.138 ± .012 


.020 min 


.150 


.200 max 


.600 [TPI 


.577 


.010 ::gg~ 


.010 


.650 


.295 


4-RO.079 


Notes: 
(1] Each lead centerline 
is located 


within 0.25 mm (.01 inch] of its 
true 
position 
{TPI 
at maximum 


material condition. 
{2] Item 
10K" to center of leads when 


formed parallel. 


P32DW-100-600WA3-1 


Item 
Millimeters 
Inches 


A 
20.61 max 
.812 


B 
0.78 max 
.031 max 
C 
1.27 [TPJ 
.050 [TPJ 


D 
0.40~:~~ 
.016~:gg~ 


E 
0.05±O.05 
.002±.002 


F 
2.85 max 
.113max 


G 
2.70 
.106 


H 
14.10 ±O.3 
.555±.012 


I 
11.30 
.445 


J 
1.40 
.055 


K 
020~:~~ 
008~:gg~ 


0.80 ±O.20 
.031~:gg~ 


P 
0.12 
.005 


S32GM·50-S25A·1 


ttiEC 


Millimeters 
Inches 


8.2 
max 
.323 
max 


0.45 
max 
.018 max 


0.5 (TP) 
.020 
(TP) 


0.20 
±0.10 
.008 ± .004 


1.05 
.041 


15.3 ±0.2 
.602 ~ :gg~ 


13.7 
.539 


0.8 ±0.2 
.031 ~ :gg~ 


O.125 ~ g:6~ 
.005 ~ :ggi 


0.5 ±0.1 
.020 ~:gg~ 


0.08 
.003 


0.10 
.004 


14.3 ±0.2 
.563 ± .008 


0.05 
±O.OS 
.002 ±.002 


1.27 
max 
.050 
max 


FLeA 
t 
t 
"- 


Q 
5° ±SO 


Item 
Millimeters 
Inches 
32 


A 
8.0 ±O.OS 
.315 ± .002 
B 
TBD 
TBD 


C 
0.5 ±0.08 
.020 ± .003 
D 
0.2 ±0.1 
.008 ± .004 
G 
0.97 
.038 
H 
20 ±0.1S 
.787 ± .006 
I 
18.4 ±O.OS 
.724 ± .002 
J 
O.B ±0.1 
.031 ± .004 


K 
0.125 
±0.01 
.005 


L 
0.5 
.020 


M 
0.08 
.003 
N 
0.1 
.004 
P 
TBD 
TBD 
Q 
O.OB ±O.OB 
.003 ± .003 


S 
1.1 
max 
.043 
max 


rEL~ 
t -==t-~ 


Q 
5° ±3° 


NEe 


MillJrneters 
Inches 


8.2 max 
.323 
max 


0.45 
max 
.018 max 


0.5 
(TP) 
.020 
(TP) 


0.20 
±0.10 
.008 ±.004 


1.05 
.041 


15.3 ±0.2 
.602 ~:gg~ 


13.7 
.S39 


0.8 ±0.2 
.031 ~ :gg~ 


0.125 ~g:~g 
.005 ~:ggi 


0.5 ±0.1 
.020 ~:gg~ 


0.08 
.003 


0.10 
.004 


14.3 ±0.2 
.563 ± .008 


0.05 
±O.OS 
.002 ± .002 


1.27 max 
.050 
max 


Enlarged detail 
of lead end 


Q 
5° ±so 


~ 
~ 
£car 


t-{EC 


Millimeters 


8.0 ±0.05 
TBO 


0.5 ±0.08 


0.2 ±0.1 


0.97 
20 ±0.15 


18.4 ±0.05 


0.8 ±0.1 
0.125 ±0.01 


0.5 


0.08 


0.1 
TBO 


0.08 ±0.08 


1.1 
max 


Inches 


.315 ±.002 
TBO 


.020 ± .003 


.008 ± .004 


.038 


.787 ± .006 


.724 ± .002 


.031 ± .004 


.005 


.020 


.003 


.004 
TBO 


.003 ± .003 


.043 max 


Enlarged delail 
of lead end 


Q 
5' ±3' 
U±& 


[D1$l 
M @! 
B1Jf 
o-,r- 


C"O"O"O'O'O"O'O'o"o''o'O'O\ 
:=i\i:'----'r': 
- 
- 
- 
- 
- 
~ 
- 
- 
-- 
- '~r;, 


1"\ 
i 
J?~:C 


1-: 
----I 
---~_I 


H 


NEe 


4O-Pin Plastic DIP 


Item 
Millimeters 
Inches 


A 
53.34 Max 
2.100 max 


B 
2.54 max 
.100 max 


C 
2.54 (TP) 
.100 (TP) 


0 
0.50 
±0.10 
.020 ~:gg~ 


F 
1.2min 
.047 min 


G 
3.6 ±O.3 
.142 ±.012 


H 
0.51 min 
.020 min 
I 
4.31 max 
.170 max 


J 
5.72 max 
.226 Max 
K· 
15.24 (TP) 
.600 (TP) 


L 
13.2 
.520 


M 
0.25 
~:~~ 
.010 ~:gg~ 


N 
0.25 
.010 


Item 
Millimeters 
Inches 


A 
53.34 Max 
2.100 
Max 


B 
2.54 Max 
.100 Max 


C 
2.54ITP] 
.100ITP] 


0 
0.50 ± 0.10 
.020 ~:gg~ 


F 
1.2 min 
.047 min 


G 
3.5 ± 0.3 
.138 ± .012 


H 
0.51 min 
.020 min 


I 
3.80 
.150 


J 
5.08 Max 
.200 Max 


K 
15.24 [TP] 
.600 [TP! 


L 
14.66 
.577 


M 
0.25 ± 0.05 
.010 ~:gg~ 


N 
8.89 dia 
.350 dia 


P 
0.25 
.010 


Notes: 


(1) Each 
lead 
centerline 
is located 


within 0.25 mm [.010 inch] of its 
true 
position 
[TPj 
at 
maximum 


material condition. 


[2J Item 
"K" 
to center 
of leads 
when 


formed parallel. 


P400W·100·600WA 


NEe 


4O-Pin Plastic SOJ 


Item 
Millimeters 
Inches 


B 
26.29 ~:g~5 
1.035~:g<{~ 


C 
10.16 
.400 
0 
11.18 ±0.2 
.440 ±.008 


E 
1.08 ±0.15 
.043~:gg~ 


F 
0.7 
.028 


G 
3.5 ±0.2 
.138 ± .008 


H 
2.4 ± 0.2 
.094~:gg~ 


I 
0.8 min 
.031 
min 


J 
2.6 
.102 


K 
1.27 (TP) 
.050 (TP) 


M 
0.40 ±0.10 
.016~:gg~ 


N 
0.12 
.005 


P' 
9.40 ±0.20 
.370 ± .008 


Q 
0.15 
.006 


T 
0.85 
rad 
.033 rad 


U 
0.20 ~g:~~ 
.008~:gg~ 


• Item P to center of leads. 


P40LE-400A 


42-Pin Plastic DIP 


Item 
Millimeters 
Inches 


A 
55.88 max 
2.2 max 


B 
2.54 max 
.100 max 


C 
2.54ITP] 
.100 [TP) 


0 
0.50±0.10 
.020 ~:~~~ 


F 
1.2min 
.047 mln 


G 
3.6±O.30 
.142±.012 


H 
0.51 min 
.020 mln 


I 
4.31 max 
.170 max 


J 
5.72 max 
.226 max 


K 
15.24 [TPJ 
.600 [TP) 


L 
13.2 
.520 


M 
0.25 ~ ~:~~ 
.010 ~:gg~ 


N 
0.25 min 
.01 min 


P42C·100·600A,8 


4~ n 
21 


I 
}" 


+ 


0 
I 


NEe 


A 


B 


Millimeters 
Inches 


21.04 ± 0.4 
.827 ± .016 
-- 


14 ± 0.2 
.551 !:gg~ 
--- 
--- 


1.0 [TP] 
.039 (TPJ 


0.40 ± 0.10 
.016 !:gg: 


1.0 
.039 


.138 !:gg~ 
A 
3.5 ± 0.2 


2.2 ± 0.2 
.087 !:gg~ 


0.15 !g:~~ 
.006 !:gg; 


0.15 
.006 
-- 
-- 


2.6 !g} 
.102 !:gg: 
-~ 


0.1 ± 0.1 
.004 ± .004 


Notes: 


{1] Each 
lead 
centerline 
is located 
within 
0.20 
mm 
[.008 
inch] 
of its 
true 
position 
[TP} 
at maximum 
material condition. 


(2J Flat 
within 
0.15 
mm 
[.006 
inch] 


total. 


NEe 


Millimeters 


54.0 ±0.1 


61.5 


85.6 ±0.2 


3.0 
3.0 


11.0 


3.4 ~g:~~ 


3.0 ±0.15 


Inches 


2.126 ± .004 
2.421 


3.370 ± .008 


.118 


.118 


.433 


.134 ~:gg~ 


.118 ± .006 


-- 
C+- D 
--- 
I-E 


•... .... 
...--.... ....... 
.. .. .. .-.".-.'.".] 
,...... 
.... ........ ... 
• ••• J 


\.... ..................... 
..... 
• •••••••••••••••••••• 
J 


tH• 
........ , 


1.••• 
..... ... 
","J 


l- 


S 


T 
F 


NEe 


64-Pin Plastic QFP 


Item 
Millimeters 
Inches 


A 
23.6 ±OA 
.929 ± .016 


8 
20.0 ±0.2 
.795 ~gg~ 


C 
14.0 ±0.2 
.551 ~ :gg~ 


D 
17.6 ±OA 
.693 ± .016 


F 
1.0 
.039 


G 
1.0 
.039 


H 
OAO ±0.10 
.016 ~gg~ 


0.20 
.008 


1.0 (TP) 
.039 (TP) 


K 
1.8 ±0.2 
.071 ~gg~ 


0.8 ±0.2 
.031 ~ :gg~ 


M 
0.15 ~ g:6~ 
.006 ~ :ggi 


N 
0.15 
.006 


P 
2.7 
.106 


Q 
0.1 ±0.1 
.004 ± .004 


R 
0.1 ±0.1 
.004 ± .004 


S 
3.0 
max 
.119 
max 


K 
~c+ 


NEe 


~ 


Item 
Millimeters 
Inches 
Item 
Milllmeters 
Inches 


A 
107.95 
±0.2 
4.250 
±.008 
M 
31.75 
1.250 


B 
101.19 
±0.2 
3.984 
±.008 
N 
9.3 
.366 
F 
1.04 
.041 
P 
1.57 rad 
.062 rad 


G 
10.16 
.400 
S 
3.17 dia 
.125 dia 


H 
1.27 
.050 
T 
1.27 
.050 


J 
6.35 
.250 
U 
3.38 
.133 
J 
2.03 
.080 
V 
44.45 
1.750 


K 
6.35 
.250 
W 
6.36 
.250 


L 
2.54 
min 
.100 
min 
X 
95.25 
±0.1 
3.750 
± .004 


T-lL 


A 


B 


, 
1 
11 
1 
l 


NEe 


~ 


Item 
Mllllmo.o •• 
Inches 
hom 
Mllllmo'o" 
Inchos 


A 
107.95 
± 0.2 
4.250 
± .008 
M 
31.75 
1.250 


B 
101.19 
± 0.2 
3.984 
±.008 
N 
9.3 
.366 
F 
1.04 
.041 
P 
1.57 
rad 
.062 
rad 
G 
10.16 
.400 
S 
3.17 
dia 
.125 dia 


H 
1.27 
.050 
T 
1.27 
.050 
I 
6.35 
.250 
U 
3.38 
.133 
J 
2.03 
.080 
V 
44.45 
1.750 


K 
6.35 
.250 
W 
6.36 
.250 
l 
2.54 
min 
.100 
min 
X 
95.25 
±0.1 
3.750 
± .004 
T-lL 


A 


B 


ttlEC 


Item 
Millimeters 
Inches 
Item 
Millimeters 
Inches 


A 
107.95 
±0.2 
4.250 
±.008 
M 
31.75 
1.250 


B 
101.19 
±0.2 
3.984 
± .008 
N 
5.28 
.208 


F 
1.04 
.041 
P 
1.57 rad 
.062 rad 


G 
10.16 
.400 
5 
3.17 
dia 
.125 dia 


H 
1.27 
.050 
T 
1.27 
.050 
I 
6.35 
.250 
U 
3.38 
.133 


J 
2.03 
.080 
V 
44.45 
1.750 


K 
6.35 
.250 
W 
6.36 
.250 


L 
2.54 
min 
.100 
min 
X 
95.25 
±0.1 
3.750 
± .004 


A 


U 
B 
l 


~ 
L 


NEe 


Itom 
Millimeters 
Inches 
Item 
Millimeters 
Inches 


A 
107.95 
± 0.2 
4.250 
± .008 
M 
25.4 
1.000 
B 
101.19 
±0.2 
3.984 
± .008 
N 
5.28 
.208 
F 
1.04 
.041 
P 
1.57 rad 
.062 
rad 
G 
10.16 
.400 
S 
3.17 
dia 
.125 dia 


H 
1.27 
.050 
T 
1.27 
.050 
I 
6.35 
.250 
U 
3.38 
.133 


J 
2.03 
.080 
V 
44.45 
1.750 


K 
6.35 
.250 
W 
6.36 
.250 


L 
2.54 
min 
.100 
min 
X 
95.25 
± 0.1 
3.750 
±.004 


A 


U 
B 


NEe 


Item 
Millimeters 
Inches 
Item 
Millimeters 
Inches 


A 
107.95 
±0.2 
4.250 
±.008 
M 
31.75 
1.250 


B 
101.19 
±0.2 
3.984 
± .008 
N 
5.28 
.208 
F 
1.04 
.041 
P 
1.57 rad 
.062 
rad 
G 
10.16 
.400 
S 
3.17 
dia 
.125 dia 


H 
1.27 
.050 
T 
1.27 
.050 


I 
6.35 
.250 
U 
3.38 
.133 
J 
2.03 
.080 
V 
44.45 
1.750 


K 
6.35 
.250 
W 
6.36 
.250 


L 
2.54 
min 
.100 
min 
X 
95.25 
±0.1 
3.750 
± .004 


T-lL 


A 


u 
B 


NEe 


72-Pin SIMM (Socket Mountable) #6 


Item 
Millimeters 
Inches 
Item 
Millimeters 
Inches 


A 
107.95 
± 0.2 
4.250 
± .008 
M 
25.4 
1.000 


B 
101.19 
±0.2 
3.984 
± .008 
N 
9.3 
.366 
F 
1.04 
.041 
P 
1.57 
rad 
.062 
rad 


G 
10.16 
.400 
S 
3.17 
dia 
.125 
dia 


H 
1.27 
.050 
T 
1.27 
.050 


I 
6.35 
.250 
U 
3.38 
.133 


J 
2.03 
.080 
V 
44.45 
1.750 


K 
6.35 
.250 
W 
6.36 
.250 


L 
2.54 
min 
.100 min 
X 
95.25 
± 0.1 
3.750 
± .004 
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